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CONVERSION FACTORS, U.S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUKEMENT

U.S. customary units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply by To obtain

inches 25.4 taillimeters
2.54 centimeters

square inches 6.452 square centimeters

cubic inches 16.39 cubic centimeters

feet 30.48 centimeters
0.3048 meters

square feet 0.0929 square meters
cubic feet 0.0283 cubic meters

yards 0.9144 meters

square yards 0.836 .square tieters

cubic yards 0.7646 cubic meters

miles 1.6093 kilometers
square miles 259.0 hectares

knots 1.852 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

millibars 1.0197 3  kilograms per square centimeter

ounces 28.35 grams

pounds 453.6 grams
0.4536 kilograms

ton, long 1.0161 metric tons

ton, short 0.9072 metric tons

degrees (angle) 0.01745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins'

'To obtain Celsius (C) temperature readings from Fahrenheit (F) readings,
use formula: C = (5/9) (F -32).

To obtain Kelvin (K) readings, use formula: K = (5/9) (F -32) + 273.1).

9
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A USER'S GUIDE TO CERC'S FlELD RESEARCH FACILITY

W.A. Biremeie,, A.F. PeWall,

C.9. Gorbics, and H.r. MZler

I. INTRODUCTION

Federal interest in coastal engineering began in the 1920's as a result of
the increasing shoreline erosion along the recreational beaches in New Jersey.
This concern led to the formation of the Beach Erosion Board (BEB) in July
1930 as a part of the civil works program of the U.S. Army Corps of Engineers.
The BEB functioned largely as an advisor to the States with coastal erosion

problems; however, the increasing need for research became evident. In recog-
nition of that need, the BEB began expanding to include an official researzh

program. In 1963, Congress established the Coastal Engineering Research
Center (CERC), abolishing the BEB, and broadened the BEB's general investiga-

tion responsibilities to forn the research mission of CERC.

CERC's mission, as the principal research and development facility of the
U.S. Army Corps of Engineers in the field of coastal engineering, is to con-
ceive, plan, conduct, and publish the results of data collection and research
in coastal engineering and nearshore oceanography to provide a better under-
standing of the waves, winds, water levels, tides, coastal currents, and the

coastal processes resulting from these littoral forces. CERC's research
focuses on shore and beach erosion control; coastal flooding and storm pro-

tection; navigation improvements; recreation; and the design, construction,
operation, and maintenance of coastal and offshore structures.

Much of CERC's past research in coastal engineering has consisted of

laboratory experimentation and theoretical investigations, Supportive field-
work has been hampered by a lack of dependable means of obtaining high-quality
wave, beach, and water level data, including data during storms. To over-
come this deficiency, CERC constructed the Field Research Facility (FRF) on
175 acres at Duck, North Carolina (Fig. 1). Located at 36*10'54.6 . N. and
75045'5.2" W. (landward end), the FRF consists of a 561-meter-long (1,840
feet) pier (Fig. 2), which was completed in August 1976, and a 418-square
meter (4,500 square feet) laboratory and office building (Fig. 3) completed in
-rch 1980. The FRF is designed to fulfill four major objectives:

(a) To provide a rigid platform from the land, across the dunes,

beach, and surf zone out to the 6-meter (20 feet) water depth from
which waves, currents, water levels, and bottom elevations can bu
measured, especially during severe storms;

(b) to serve as a permanent field base of operations for physi-
cal and biological studies of the site, the adjacent sound, bay, and
ocean region by CERC, other Federal agencies, tiu versities, and

private industry;

(c) to provide CERC with field experience and data that will
vomplement laboratory and analytical studies and provide a better
Understanding of the influence of field conditions on ,easuretiients
and design practLces; and

(d) to provide a manned field facility for testilg new
instrnentA t ion.

II
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Figure 3. The laboratory building.

Although primarily intended for CERC research studies, other research
organizations' use of the FRF and the data collected thereby is encouraged.
This report provides potential users of the facility with useful information
about the facility, the area, the climate, and the data being collected. Any

questions which are not addressed in this guide should he directed to:

Chief, Field Research Facility
S.R. Box 271

Kitty lawk, NC 27949
(919) 261-3511
Local dialing from Washington D.C. area;
370-6423

1. Use of the FRF.

a. Obtaining Permission. It is necessary to obta in written per:nission Lo
use the FRF. This can be done by sending a synopsis of th, re!search to:

Commander and Director
U.S. Army Coastal Engineering Research (kenter
Kingman Building
Fort Belvoir, VA 22060

Included in this letter should he the following information:

(1) Description of the planned research;

(2) dates;

(3) the approximate number of participants;

(4) a statement of the use, requirements, and expectations of the
FRF; and

(5) other pertinent infortiatlon.

13



Because of the occasionally harsh environment that exists at the FRF, it

is imperative that 'potential users are aware of the prevailing conditions at
the time of their experiment and have good advance planning (with regard to
both people and equipment). Although this user's guide will help in that
respect, any experiment should be discussed with the FRF staff before a formal
request for use is submitted.

Particular attention will be given t" those experiments requiring equip-
nent to either be mounted directly on the pier or placed in the water. The
area seaward of the FRF is a popular commercial fishing area with heavy use
from October to December. Because of this, experimental equipment placed in
this area should be marked with a pinger (acoustic beacon) and a large,
lighted radar reflective buoy. Experiments within the pier length should be
marked by a buoy (a pinger is desirable). Any installation requiring diver
maintenance should be marked by a buoy or be attached by a handline to a
nearby buoy for easy locating. Mooring lines should be large diameter rope or
steel cable. The U.S. Coast Guard should be informed of all navigational
obstructions. Experiment plans must also include plans for removal of
e q ,i prie n t.

b. Costs and Funding of Research. If the planned research relates to the
CERC mission, use of the facility and of the data being collected there is
free. Costs for projects not relating to the CERC mission will be assessed
according to the user's purpose and resources. Reimburse.n-nt will be required
for out-of-the-ordinary use of FRF staff and equipment.

Although availability varies considerably from year to year, limited CERC
funding may be available for contract (not grant) work. CERC funding of
research by nongovernmental organizations may be applied for either by sub-
mitting an "unsolicited proposal" or by responding to a "Request for Proposal
(RFP)" issued by CERC.

Unsolicited proposals are formal proposals, developed by the researchers,
which address a research topic relevant to CERC's mission. The proposal
should, at the minimum, include the following:

Title page
Title
Proposed starting date
Durat ion
Principal investigator (name, title, phone number)

Abstract of study

Study description

Research objectives
Research appiication
Site description (if applicable)
Procedure
Research results and reports
Cost estimate (detailed)

insolicited proposal, should be sent directly to:

Commander and Director
U.S. Armly Coastal Engineering Research Center
Kingman Billding
Fort Helvoir, VA 22060

14



An RFP is a request for proposals, issued by CERC, which addresses a topic
of specific interest to CERC. To receive copies of future RFP's, a copy of
Standard Form 254 (Architect-Engineer and Related Services Questionnaire) must
be submitted to:

Commander and Director
Coastal Engineering Research Center
ATTN: CERRM-PC
Kingman Building
Fort Belvoir, VA 22060

Please note that it is neither necessary to submit an unsolicited proposal
nor to respond to an RFP in order to use the FRF. Government agencies desir-
ing CERC funding should contact the FRF Chief.

c. Liability. Users of the FRF are responsible for their own liability
and will be asked to sign a release form (see App. A).

2. Description of the Area.

The FRF is located near Duck, North Carolina, along a 100-kilometer (62
miles) unbroken stretch of shoreline extending south from Rudee inlet to
Oregon Inlet. It is bordered by the Atlantic OEean to the east and Currituck
Sound to the west. An aerial view of the area is shown in Figure 4. Except
for five fishing piers and the FRF pier, there are no major coastal structures
or littoral barriers along the entire reach.

This location, one of 12 sites originally considered, was selected because
it best satisfied (but not completely) the following list of desirable physi-
cal characteristics:

(a) Sand size typical of U.S. coasts and sufficient depth of sand
to prevent exposure of underlayera;

(10 a wave climate and storm exposure representative of U.S.
coasts;

(c) regular offshore bottom topography free of features whi,h may
affect th wave climate;

(d) a tidal range of 0.5 to 2.0 meters (1.5 to 6 feet);

(e) a representative nearshore slope such that the 6-,aeter depth
contour ii not appreciably more than 600 reters (2,000 feet) from
shore;

(f) a straight c'oastline outside the range of the effects of any
signifi cant littoral barrier;

(g) easy access by vehicle;

(h) control of the pier and surrounding area by CERC to avoid
int,?rrmipt foni iL research )rograms;

(i) an adjacent sound or estuary area;

(j) availability of commercial power and corilmnication facili-
t les ;

(k) usoalLy free of fog or cloud cover to pernit frequent Ise of
aerial remote sensing;

(1) a stable coastline (on a time scale of 50 years); and

(,a) natural duies.

15
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Figure 4. Aerial mosaic and map of pier site (numbers refer to profile line
locations; see Table 4).--Continued
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Details of the Duck site as it pertains to these items are discussed further

in this guide.

Duck, North Carolina, was established in about 1909, as a small fishing
village with eel and carp the predominant fishery resources. When CERC
selected the Duck site in 1972 there were relatively few homes in the area;
however, this situation has changed considerably. Duck has become a popular
summer resort, and fast-growing resort communities are located both north and
south of the area. The site had also been used previously by the Navy as a
practice bombing range. Although there is evidence of the practice rounds of
ammunition used during that time, there are no high explosives in the area.

Construction of the FRF pier b,3n in August 1975. The pier was con-
structed in two phases, using a temporary second pier with closely spaced
bents (pile groups 4.9 meters (16 feet) apart with four piles per bent)
located along the south side of the FRF (Fig. 5). During the first phase of
construction, 183 meters (600 feet) of pier was completed and the construction
pier was removed. The second phase began in Marcn 1976 with the reconstruc-
tion of the second pier. The entire FRF pier was completed by August 1976,
and the speond pier was removed in January 1977.

N

a -
Figure 5. The FRKF during construction, with second pier

in foreground.

3. FRF Specificationsi

A cross section of the pier is shown in Figure b. The 5b1.1-meter-lon6
(1,840.9 feet) pier is a reinforced concrete structure supported on concrete-
filled steel pilings spaced 12.2 meters (40 feet) on center along the pier
length and 4.b meters (15 feet) on center across the width (Fig. 5). Inshore
bents (numbered b to 20) are supported on 7b-centimeter-diameter (30 inches)
piles; the outer piles (bents 21 to 52) are 91 centimeters (3b inches) in
diameter. The piles are embedded about 15 to 18 meters (50 to bO feet) into
the ocean bottom. Concrete erosion collars 120 and 137 centimeters (4h and 54
inches) in diameter, protect the pilings trut sand abrasion, and a cathodic

system provides protection trom corrosion. The pier deck is b.1 meters (20

am "I~i"-- iii i 181



A

* 2

3

II.

ii
I I

w

--- *1~

I, 0

K
v - :3

- 2)

2)
'-4

K ii>: -
0

- I-'

yz4tiZZ -- -~

I? I

- -4

PgK' -

&
0-

'I -4

4.

7

K
N~ ~

19



feet) wide, extends from behind the dune line to about the 6-meter depth con-
tour, and is 7.7 meters (25.4 feet) above mean sea level (MSL). One set of
railroad rails, 3.1 meters (10 feet) apart and extending from the garage of
the laboratory building to the end of the pier, is used to transport heavy
loads. Instrumentation cables run the length of the pier in a trough along
the north side of the deck. Outlet boxes for both 220 and 115 volt power are
located at 12-meter (40 feet) intervals along the south side. Removable grat-
ings in the pier deck can be used for lowering instrumentation. There are two
telephones on the pier--one at the end and one midway.

Locations on the pier are referenced by distance in feet from a monumented
base line located landward of the laboratory and perpendicular to the pier
centerline; e.g., the end of the pier is at station 19+40 (see Fig. 5) and the
midpier telephone is at station 10+80.

Five steel piles (o.d. 6-5/8 inches) suitable for mounting instrumentation
are located midway between the piles at stations 7+00, 7+80, 9+00, 10+60, and
14+20. These piles extend from the pier deck to the sea bottom.

The laboratory building includes offices, a kitchen, a library, a computer
center, a garage, and a diving locker. The computer center (Fig. 7) houses a
Data General NOVA-4 minicomputer. An emergency generator provides backup
power for lighting and data collection equipment. The roof of the building
provides a flat observation deck with an elevation of 12.4 meters (40.8 feet)
above MSL.

C

Figure 7. The FRF computer center, showing the Data General NOVA-4
minicomputer.
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II. LOCAL INFORMATION

This section addresses both the available research support and the living
accommodations. Please note that much of the information has been obtained
from the local telephone directory, the Dare County Tourist Bureau, and the
Outer Banks Chamber of Commerce, and that CERC does not endorse any of the
businesses listed.

1. Research Support.

The FRF staff of 10 includes the Chief, 3 scientists, 4 technicians, a
computer operator, and a secretary. Requests for personnel assistance should
be directed to the FRF Chief. The use of FRF personnel will require
reimbursement of salaries and overhead.

a. Hours of Operation. Normal hours of operation of the FRF are from
0700 to 1700 weekdays. Special arrangements ca- be made for extended hours
(including round the clock) and for weekend.,

b. Laboratory Space. A 50- by ". -c by 3 meters) trailer with
electricity, heat, and air-conditioning r!. . r) is available to visiting
scientists. An effort will also be made - mviodate sensitive instruments
and recording or computing equipment , the laboratory. Nearby rental
cottages may provide adequate tempo;arv sp.,e. Free laboratory space is
available at the North Carolina Marine Resources Center in Manteo, North
Carolina (see Fig. 8), located 54 kilowvters (34 miles) from the FRF. For
further information contact:

Director
North Carolina Marine Resources Center
Manteo, NC 27954
(919) 473-3493

c. Airports and Plane Rentals. The nearest major airport is in Norfolk,
Virginia, approximately 113 kilometers (70 miles) from the facility. INanteo
Airport, the nearest local airport, has commuting service to Norfolk (Fig. 8).
Facilities include aviation gas, keyed lighting for night flights, and ADF
approach (refer to Charlotte Sectional). Aircraft can also land at First
Flight Air Strip located in Kill Devil Hills just 23 kilometers (14.5 miles)
south of the FRF (Fig. 8). Ground time is limited to 24 hours and the only
accommodation is a telephone booth. With prior approval from the FRF, heli-
copters may land at the pier site. Local charter air service is available
f rom:

(1) First Flight Air Service, Inc.
Manteo Airport
anteo, NC 27954
(919) 473-3000

(2) Kitty Hawk Aero Tours
Nags Head, NC 27954
(919) 441-6247
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d. Vehicle Use and Rentals. Vehicles with an axle width less than 3.1
meters and a weight under 900 kilograms (2,000 pounds) per wheel may be driven
on the pier with permission of the FRF Chief. Beach access is provided just
south of the pier. To minimize any adverse effects to the beach, all dune and
beach vehicular traffic is restricted to permanent trails. During special
studies or experiments, vehicular traffic will be detoured off the beach and
around the property. Beach travel in Dare County is prohibited from Memorial
Day to Labor Day. Rental automobiles are available at the Norfolk Airport,
and may also be obtained at the Manteo Airport by contacting:

First Flight Air Service, Inc.
Manteo Airport
Manteo, NC 27954
(919) 473-3000

Between 15 May and 15 November it is also possible to obtain rental cars at

the First Flight Air Strip in Kill Devil Hills by contacting:

National Car Rental System
Kill Devil Hills, NC 27948
(919) 441-5488

e. Boats. Except under special circumstances, visiting scientists should
plan to provide their own boats. Small boats for ocean use must be launched
from the shore. Larger boats must use uregon Inlet, 5b kilometers (35 uiles)
south of the facility. A boat ramp for Currituck Sound is located about 1.b

kilometers k1 mile) south of the FRF. Large charter boats are available, and
arrangements may be made by contacting:

Oregon Inlet Fishing Center
Box 533
Manteo, NC 27954
(919) 441-6301

f. Scuba Diving. All nongovernuent scuba diving at the pier must comply
with OSHA Commercial Diving Regulation (Department of Labor, 1977). Copies of
the regulation may be obtained from the Diving Officer at the FKF. Divers are
required to sign a statement that they have read this regulation and are in
compliance. Specialized equipment required by the regulation (e.g., first aid
kit, resuscitator) is available at the FRF.

Before diving permission at the pier is granted, a written dive plan (see
sample in App. B) must be submitted 2 weeks in advance to the FRF Diving
Officer for approval. Only no-decompression diving is permitted. In addi-
tion, the FRF Diving Officer or his assistant may cancel any diving activity
if conditions warrant doing so.

Diving conditions around the FRF vary considerably. Visibility ranges
from 0 to 6 meters with marginal visibility being the norm. Monthly mean
water temperatures range from a mean of 4.4 ° Celsius (400 Fahrenheit) in Feb-
ruary to 24.30 Celsius (75.7* Fahrenheit) in July (based on daily measurements
from 19b0 to 1966 at Virginia Beach, Virginia). Environmental conditions are
discussed further in Section IV. Although ladders are planned, there is cur-
rently no way for divers to enter or leave the water from the pier.
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g. Onsite Data Processing. The FRF is equipped with an onsite Data
General NOVA-4 minicomputer with the primary function of collecting, editing,
and analyzing the environmental measurements routinely collected. This com-
puter has the capacity to handle 64 channels of analog-digital data. While
this computer will not normally be available to outside users, it will be used
to obtain near real-time analysis of the basic environmental measurements.
This will permit users to obtain required data summaries while their experi-
ment is underway.

Provisions have been made for users to record the output signal of a par-
ticular CERC gage or instrument. It may also be possible to have a special
magnetic tape created of the data from one or a number of the CERC sensors.
As mentioned previously, accommodations will be made (space permitting) for
sensitive instruments inside the laboratory building. If a long period of
recording of a special instrument is required, it may be possible to obtain a
channel in the NOVA-4. For additional information concerning the use of uata
collection equipment at the FRF, contact the FRF Chief.

2. Living Accommodations.

Because of the resort nature of the area, it is important when planning an
experiment to arrange for accommodations as early as possible, particularly
for the months of June, July, and August. There are sufficient year-round
facilities (hotels, restaurants, shopping centers) in the area to accommodate
any size group and budget. Table I summarizes some basic detils about the 2U
motels closest to the FRF. The milepost values given in the table refer to
the local reference system shown in Figure 8. Milepost I is the point where
route 158 divides into 158-Business, which follows along the ocean, and 158-
Bypass. Table 2 is a partial list of companies which handle house rentals.
Many of them have brochures describing their listings. The nearest campground
is located 1.6 kilometers south of the FRF. For further information contact:

Ocean Beach Campground
Box 223D

Kitty Hawk, NC 27949
(919) 261-2200

More complete information on the area facilities is available in annual
brochures published by:

(1) Outer Banks Chamber of Commerce
P.O. Box 90D
Kitty Hawk, NC 27949
(919) 261-2626 and (919) 261-2033

(2) Dare County Tourist Bureau
P.O. Box 399
Manteo, NC 27954
(919) 473-2138

During the tourist season, the Outer Banks Chamber of Commerce also operates a
vacancy referral service which identifies the motels with vacancies.
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Table 1. Motels closest to the FRF.

motel and Address' Relative Distance to Milepost
3  

Comments
4

.

telephone No. cost
2  

FRF (mi)

Sea lhik Si,-Box 130T L-I 6.6 1 CYLTA
(919) 261-2424 Kitty 11"wk, NC

Sea Kove Morel Box 168B1 L-M 7.8 3 SCLTA
(919) 2ul-9771 Kitty Hawk, NC

The Buccaneer SR--Boc 53 L-M 10.1 5.25 SCYLTA

(919) 261-2030 Kitty hawk, NC

Bel Air Hlotol Box 37T M-H 10.6 5.8 SCLTA
(919) 441-6132 Kill Devil Hills, NC

Tan-A-Rama Motel Box 1325T H-E 11.1 6.5 SCLTA

(919) 441-7315 Kill Devil Hills, NC

Kill D vil lanor RouLe I, flox 418 M-H 11.2 6.5 CYLTA
(919) 441-5356 Kill Devil Hills, NC

Mariner Motel Box 407T H-E 11.8 7 SCLTA
(919) 41-7255 Kill Dcvil Hills, NC

Sea FW,,11 Plotel Box 633T lI-E 11.8 7 SCYLKTA
(919) 441-7126 Kill Dcvil lills, NC

Nettlcwond Motel Box 367 L-M 11.9 7 CYLTA
(919) 441-5039 Kill Ocvil Hills, NC

Chart House Motel Pox *.32T M-H 11.9 7 SCLTA
(919) 441-7418 Kill Devil Hills, NC

The Croatan Inn Kill Devil Hills, NC L-11 12.5 7.5 LRTA
(919) 441-7232

Colony IV tL-.el Box 287R HE 13.6 8.5 SCYLTA
(919) 441-551 Kill Devil Hills, NC

The Cavalier Box 385 L-ll 13.6 8.5 SCYLTA
(919) 441~5A84 Kill Devil [tills, NC

First FligIt Inn Box 698 M-}H 13.8 9 SCLTA
(919) 441-5007 Kill Devil Hills, NC

Holiday Inn Box 308T H-E 14.6 10 SCYLRTA
(919) 441-6333 Kill Devil IHills, NC

Outer &-mks
Motor Lodge Bo% 747'r M-E 14.6 10 SCLTA

(919) 441-7404 Ngs Head, NC

Ocean Mouse tMtel 1;,, 12 M-E 14.7 10 SLTA
(919) 441-7328 Kill 1evil Hills, NC

John Yaicey
Motor inu Box 4221) R-H 14.8 10 SCYLTA

(919) 441-7141 Kill Devil Hills, NC

Carolinion B,) Y70 M-H 15.3 10.5 SYLRTA
(919) 441-7171 N g:; Mhacd, NC

Cabana Es' Hotel 14ox 909T --- 15.9 11 SCYLRTA
(919) 4,41-710f, ,:' il.ad, NC

IA1I ie;ot, ls are loz,!,'d along route 5S8-Business. Ztp codes Include: Kitty Hawk,
27949; Kill Devil lill;, 27948; Nags Head, 27959.

2
L, low; M, modrate; II, high; F, expensive.

3 Relci:; to reference !.ystem in Figure C.
4S, :wlmtng pool; C, cooking; Y, open all year; L, low offseason rates;

R, re: airant; T, to h vi,,ion; A, alr-condittoned.
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Table 2. Rental companies._

Company and Address
2  Approx. No.

telephone No. cottages a p.

liritt Real EstaLe S.R. Box 272 15 16

(919) 261-3566 Kitty Hawk, NC

Century 21 - Anchorage Realty P.O. Box 14 - .. ..

(919) 441-6800 Kill Devil Hills, NC

Cobia Realty Rt. 1, Box 775 55 --

(919) 441-6391 Nags [lead, NC

Kitty Dunes Realty 1.O. Box 275 110 --

(919) 261-2171 Kitty Hawk, NC

Kitty )Lawk Realty & R ntals Box 69T -- .

(919) 441-716b Kill Devil Hills, NC

Joe ,- Jr. & A;.:ocfates Box 609 200 --

(919) 441-5541 Nags Head, NC

Mid 1 .p'tt Realty Box 1066 44 --

(919) 4'd1-6666 Kill Devil Hills, NC

Marvin Minton lcAl Estate Co. Box 515 35 --

(919) '-41-6422 Nags Head, NC

Na,,s Ikad Realty Box 726 10 --

(919) 441-4311 Nags Head, NC

Oceai Acres Realty, Inc. Box 656 30 --

(919) 441-5528 Kill Devil Hills, NC

Outer hanks, Ltd. Box 129T 132 --

(919) 1,41-5000 Nags Head, NC

If al Escapes (host
Horriomi Realty) Box 299F 28 --

(911) Zol-3211 Kitty lawk, NC

Ro]il.isoa, & Wood ka Ilty, Inc. Box 326 105 --

(919) 441-5551 Kill Devil Hills, NC

Sad,_.r Ii.i a Box 1111 10 --

(919) 2ul-2181 Kill Devil Hills, NC

Sotthcrii Shures Iga lty Co., Inc. Box 150 200 --

(919) 261-2000 Kitty lawk, NC

Twcuty Twenty I.t-.ilty, Ltd. Box 2020 13 --

(919) 441-63U16 Nags Head, NC

Wrigh! !.ealty Box 166 85 --
(919) 261-2186 Kitty llawk, NC

Robert A. Young-& Associates Box 285 350 --

(919) 441-5544 Kill Devil Ills, NC

Il' ddy and Company S.R. Box 232C ---

(9'W)) 261-3521 Kitty Hawk, NC

11ft a allh.oet l(al list of ll( ,,;ed rental agents is taken from the

197) Dir. Comity and Outer Bu.iks Ciamuber of Commerce Accomrnudatton

Di rectories. Rot all agents ince%,;arily have rentals near the FRF.

2Zi. codes include: Kitty tI.wk, 27949; Kill Devil ills, 27948;
Ng!; iead, 2795).
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Ill. BASIC ENVIRONMENTAL MEASUREMENTS

A variety of oceanographic and meteorological instruments have been

installed at the FRF in support of a basic environmental measurements program

established in late 1977 to collect data on local conditions. The program

consists of daily measurements of wave, current, water level, water tempera-

ture and salinity, wind and weather conditions, quarterly aerial photographic

missions, and periodic beach and bathymetric surveys. In addition, daily

photos and visual observations and weekly bottom surveys along the pier are
collected. The data are available to anyone interested and may be obtained by

writing to:

U.S. Army Coastal Engineering Research Center

Technical Information Division
Coastal Engineering Information and Analysis Center (CERTL-CE)

Kingman Building
Fort Belvoir, VA 22060

The requestor will be responsible for reproduction and mailing costs; requests

should be specific. Questions may be directed to the Technical Information

Division by telephoning (202) 325-7386. Monthly data reports, starting with

October 1980, are available the month following collection. Annual reports

summarizing a year of data collection will also be prepared. Near real-time

data summaries will be available to researchers working at the FRF. Miller

(1980) describes the instrumentation at the FRF.

1. Instrumentation.

Table 3 summarizes the instrument installaLions presently included in the

measurement program; locations are shown in Figure 9. Of particular interest

is the X-band radar used to obtain wave directions. The radar unit is located

on the laboratory roof. Details of the system are reported by Mattie and

Harris (1979).

Not included in Table 3 is an Sxy gage installed by Scripps Institute of

Oceanography in September 1980. It consists of a four pressure-gage array

capable of measuring near real-time directional wave spectra. The data and

analysis are available interactively via a computer terminal and in moLIthly

data reports.

The visual observation program consists of data collected daily at the

pier end, pier nearshore, and on the beach. These observations supplement the

instrument records by providing information on the type of breaker, direction

of wave approach, width of the surf zone, littoral currents, beach slope, the

presence of rip currents, water quality, and prevailing weather conditions.

Lead-line surveys are made weekly along both the north and south sides of

the pier, using a graduated surveying tape with a 5-pound weight attached.

The same positions along the pier are measured midway between the pier bents,

to minimize the effect of the scour around the pilings. Periodic surveys to a

depth of 9 meters are also made of profile lines located approximately 500
meters north and south of the pier.
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2. Surveying Control.

a. Local Control. There is extensive monumentation on both the sound and

ocean sides of the FRF site (Fig. 10). Large-scale versions of Figure 10 with

complete monumentation are available from the FRF. The primary oceanside mon-

uments are along a base line located landward of the laboratory and perpendic-

ular to the pier centerline. U.S. Army Ingineer District, Wilmington (SAW),

has established a series of concrete monuments along this base line at 45.72-
and 152.4-meter (150 and 500 feet) intervals. Other monuments at varying

intervals have been established in support of CERC beach and bathymetric sur-

veys. Many of the monuments along the base-line have permanent pipe monuments

(front and back) to define profile azimuths perpendicular to the base line.

Table 4 provides a summary of the base line monumentation according to dis-

tance along the base line and distance from the pier centerline. All these

have been surveyed to third-order accuracy. Documentation on each monument is

available.

One concrete monument and two series of profile lines have been estab-

lished on the sound side to monitor sound changes. Further details about

these lines are given in Section VI.

A series of very stable monuments, which will eventually be tied into

first-order control, has been established by the National Oceanic and

Atmospheric Administration (NOAA) in support of the tide gaging program.

Information about these monuments is available at FRF.

Because of the profusion of monuments at the FRF, users are requested to

use established monuments if possible. Temporary monuments, stakes, pipes,

etc., must be clearly labeled as to owner and must be removed on completion of

study. To ensure that valuable monuments are not removed or lost during

extended studies, the monuments should be documented as to location, markings,

date of installation, etc., using form DA 1959 (copy in App. C); a copy of the

form is then given to the FRF Chief. Special care should be taken to minimize

pedestrian effects on the dune and beach.

b. Island Control. The CERC monuments indicated in Table 4 are part of

the series of 62 profile lines shown in Figure 11. Each line has three monu-

ments: a brass disk on a concrete post and two pipes (front and rear) to

define the profile azimuth. Additionally, third-order vertical control has

also been established on each of the five fishing piers. Complete docuraenta-

tion for the profile lines may be obtained from the FRF Chief. All the lines

are on private property, so written permission to survey must be obtained in

advance from the owners. Data collected at these lines under CERC's Beach

Evaluation Program (BEP) from May 1974 to January 1977 are discussed in

Section V and summarized in Section VIII.

3. Bathymetric Surveying.

The accuracy of the bathymetric surveys depends on the survey methods

used. The current procedure consists of dividing the survey lines into beach

and nearshore zones.

The area from the beach to the 9-meter (30 feet) contour is surveyed using

the innovative three-legged vehicle, the Coastal Research Amphibious Buggy
(CRAB), shown in Figure 12. Designed and ccr.structed by the Wilmington

30



102. N
&'MAI . 961' - ATL ANTIC

sea otelOCEAN

-~~~ ~ ut9000- ,000 -

- P,* .4 4905s Road
a ~~(69 856"

"II

is,, 000

I 190000 40060"0

40040SO 000000

1890.00 - -- 6.0- S10

o 0 20 0 00 f

o 89.0 - -900

Figure 10. Map of FRF site showing location of primary survey monimients.
Large-scale copies with iimore complete docunentation ire available.

31



Table 4. FRF base-line monumentation.

Profile Pre-1980 Distance along Distance from Elevation Type of

No. designation base line (ft) 1  of pier (ft) 2  NGVD (ft) monument3

25 A 14,195 4 -12,500 4 12.55 Cl

30 CERC 3 10,476.914 -8,781.934 13.41 CI

40 CERC 4 7,163.73 -5,468.75 15.85 Cl

50 CERC 5 4,663.73 -2,968.75 14.79 C15

60 CFRC 6 3,413.73 -1,718.75 12.36 D

61 SAW 33+90.05 3,390.05 -1,695.07 14.45 C

62 SAW 33+00 3,300.00 -1,605.02 13.15 PI

64 SAW 31+50 3,150.00 -1,455.02 12.52 PI

66 SAW 30+00 3,000.00 -1,305.02 14.70 PI

67 SAW 28+50 2,850.00 -1,155.02 12.36 PI

70 CERC 7 2,788.73 -1,093.75 12.92 C1

73 SAW 27+00 2,700.00 -1,005.02 13.14 PI

76 SAW 25+50 2,550.00 -855.02 12.00 P1

78 SAW 25+00 2,500.00 -305.02 12.33 C

80 CERC 8 2,476.23 -781.25 12.75 CI

85 SAW 24+00 2,400.00 -705.02 12.24 P1

90 CERC 9 2,319.98 -625.00 12.51 Cl

95 SAW 22+50 2,250.00 -555.02 13.26 PI

100 CERC 10 2,241.86 -546.88 13.31 C1

110 CERC 11 2,202.80 -507.82 14.99 Cl

120 CERC 12 2,163.73 -468.75 12.50 C1

130 CERC 13 2,124.66 -429.58 13.04 C1

135 SAW 21+00 2,100.00 -405.02 16.14 PI

140 CERC 14 2,085.60 -390.62 13.45 Cl

150 CERC 15 2,007.48 -312.50 12.88 CI

151 SAW 20+00 2,000.00 -305.02 13.10 C

155 SAW 19+50 1,950.00 -255.02 13.80 PI

160 CERC 16 1,851.23 -156.25 14.18 C1

161 SAW 18+00 1,800.00 -105.02 15.76 Pi

162 B 1,769.98 -75.00 16.05 P2

163 1,725.00 -30.02 17.77

164 CERC 68 1,704.98 -10.0 NP

165 SAW 16+94.98 1,694.98 ( 17.56 D
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Table 4. FRF base-line iaonumentation.--Continued

Profile Pre-1980 Distance along Distance fron Elevation Type of

No. designation base line (ft)l -of pier (ft) 2  NGVD (ft) i onument
3

166 CERC 69 1,684.98 10.0 SP

167 SAW 16+50 1,650.00 44.98 19.04 PI

168 C 1,619.98 75.O 17.55 P2

169 1,575.00 119.98 16.65 P1

170 CERC 17 1,538.73 156.25 14.11 C1

171 SAW 15+00 1,500.00 194.98 15.10 Cl

173 D 1,375.00 319.98 16.97 P2

174 SAW 13-t50 1,350.00 344.98 14.89 P1

175 E 1,295.00 399.98 14.71 P2

176 SAW 12+00 1,200.00 494.98 17.59 PI

178 SAW 10+50 1,050.00 644.98 16.15 P1

179 SAW I0+00 1,000.00 694.98 15.70 C

180 CERC 18 913.73 781.25 14.36

181 SAW 9+00 900.00 794.93 14.23 P1

182 SAW 7+50 750.00 944.98 1o.24 PI

183 SAW 6+00 600.00 1,094.98 14.16 PI

184 SAW 5+00 500.00 1,194.98 13.48 C

185 SAW 4+50 450.00 1,244.98 14.76 PI

186 SAW 3+00 300.00 1,394.98 15.10 P1

187 SAW 1+50 150.00 1,544.98 14.90 P1

188 SAW 0+00 0.00 1,694.98 15.14 C1

190 CERC 19 -336.27 2,('1.25 16.14 C1

200 CERC 20 -2,836.27 4,531.25 16.05 Cl

207 F -5,805 14 7 ,1)w) 4 16.44 CL

220 C'RC 22 -10,884 14 12,579 4+ 19.16 Cl

'Distances given along the base line are relative to a monument on the

south property line (positive to the north).
2Pier coordinate system: positive distance seaward and to the south.

3 ?Ionument types: C, concrete; Cl, concrete with front and rear pipes;

1, monument destroyed; NP, north pier edge; PI, capped pipe with front
and rear pipes; P2, pipe with front pipe only; SP, south pier edge.

4Monument not on base line; distance approximate.

5 rlonument buried.
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1-.

Figure 12. Coastal Research Amphibious Buggy (CRAB).

District for nearshore surveying, the CRAB provides a stable platform in wave
heights up to 1.8 Leters (b feet). Top speed is 3 kilometers (2 miles) per
hour. Position and elevation are determined by targeting a prism mounted on
the CRAB with an electronic survey system which also produces computer compat-
ible data.

Surveying of the beach from the base line to the water line is done using
the same system but using a person holding a pris; at each survey point.

Pre-1981 surveys used more conventional surveying procedures. Generally,
a sea sled or fathometer was used for the nearshore (out to 700 meters) and a
fathohweter for the offshore (out to 3,000 meters).

35



IV. ENVIRONMENTAL CHARACTERISTICS

This section summarizes available environmental data and information use-

ful for planning studies at the FRF.

1. General Weather.

The FRF has a favorable marine climate with mild winters and warm temper-
ate summers. The nearest weather stations with long periods of record are
Cape Hatteras, North Carolina, and Norfolk, Virginia. Table 5 provides a NOAA

summary of the normal, mean, and extreme meteorological data for each of these
stations. More detailed information including monthly summaries and three-
hourly measurements can be obtained from:

Environmental Data and Information Service

The National Climatic Center
Federal Building
Asheville, NC 28801

Figure 13 is a plot of monthly wind roses compiled from 1,853 observations
at Sea Crest, North Carolina, 5 kilometers (3 miles) south of the FRF (see
Fig. 1), using a hand-held Dwyer wind meter, from January 1972 to December
1978. Note the predominant winds from the northeast and southwest with the
highest percentage of strong winds from the north and northeast. Wind distri-
bution varies considerably from month to month.

2. Waves.

a. Ocean. Thompson (1977) summarized the wave climate for the area using
measurements collected by a wave gage on Jennette's Fishing Pier (Fig. 11)
from December 1968 to January 1975. This data set has been updated to include
measurements to December 1979.

Figure 14 shows the seasonal variation in mean and standard deviation of
the monthly wave height and period. Peak waves occur in October and February.
Joint monthly distributions of significant wave height and period distribu-
tions are given in Appendix D. Table 6 is a summary of the distribution for
the entire period, indicating the mean average wave height is 0.88 meter (2.9

feet) and the mean period is 8.9 seconds. Higher waves have been measured in

the deeper water at the FRF. Figure 15 shows wave action during an October
1980 storm when the significant wave height reached 3.8 meters (12.5 feet).
Measurements have also been made of breaking waves. Average monthly value:i

for 7 years of observations at Sea Crest are shown in Figure 16.

The only historic wave direction information available is taken from LEO
observations. Wave roses are shown in Figure 17. Predominant wave directions
are shore normal (900) and just right of shore normal (900 to 95*). Waves
tend to approach the shore from the right in summer and from the Left in tii
winter.

b. Sound. Because of the limited fetch across Currituck Sound, wavvs on
the sound shore are usually an irregular chop of less than 15 centimeters (0.5
foot). The average fetch is 7.3 kilometers (4.4 miles); the longest fetLch is
8.9 kilometers (5.3 miles). The sound is extremely shallow and gently sloping
(less than I percent). The deepest areas, which average only 2.7 meters (9
feet) in depth, are on the western shore. Wave heights and setup during
extreme events have not been documented.
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Figure 13. Wind roses at Sea Crest, North Carolina.
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Figure 14. Seasonal variation in mean significant wave height and
mean peak spectral period (from the CERC wave gage
Nags Itead, North Carolina).

36



C C 1. 0 0o 03 (M Il O AO 43-U 3 '3 N D CC PI IIO U'(3'3'3 o U
73!

ZI C> 4 P 4q i43(--

an I0 0%A

oc

42.2

%j C

U 4- ( ,3 l

-4 .- . ,,, -. 0

oo k3

-D 3:41 1-.% h|2

Al '9

m CIin IS

C7. aD o Lk

go. Z4) 1K

04

OD 0) Al - n " i ' n 3i

"o -1 C3 E-.u, ~ 3

-4 C. . 4 ~
to I.AV tj 3 w)

Ai cO v~ U, 0' a
U) In* 3 3 * -3,- ~ O i) iJ I

C3 L.-AI4~3 4.3 or3 . '~?- u

>-f I- I~
VI (33'-

On4' a~ n VI
%0 '" L0'I ? C 0 ~f' - ,.

IL iim -63~'~v-ra l£441 4 I

ell cm, w. r c a M% M 0 f

4~ LO) .1-

eu1 P fu ' 'N

itJ (,I 1-3 *- 0

-'4l v O W T ** f t I it9 4 P7

39



Figure 15. Storm waves breaking ;L,,Lmu Liu FIRF, 25 October 198U.

II

13: C,

C

7

5 -5

4

LI -

0 L

d 0.J ', ,oy July Sept. Nov.

Figure lb. Seasonal variation in visually observed iieaa ureaking wave
height and mean period from Sea Crest, North Carolina (July
1972 to December 1978, 1,855 observations).
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Figure 17. Distribution of breaking wave directions at Sea Crest, North

Ca roli na.

3. Currents.

Visual observations of longshore currents have been made at .ea C:est (see

Fig. 1) since 1972 by timing the ioveiaent of floating foam in the surf zone.
A sample year of data (1973) is plotted in Figure 16. Although reversals are

common, the mean current from July 1972 to December 1978 was to the north.

This is in contrast to the predicted direction of longshore transport, based

on the visual wave data, which was predominantly to the south (see sec.

IV,5). Other currents which affect the area art rip currents, low salinity

water masses, and Gulf SLream eddies.

Rip currents are frequently found at varying locations including under the

pier. The low-salinity water masses, believed to ori6inate in the Chesapeake
Bay, are huge slugs of lower salinity water which move southward along the

shore at an estim;ted velocity of about 0.23 aeter (0.75 toot) per second.

The edge is clearly discernible by both water color and turbulence. Two views

of the phenomena are shown in Figure 19. Warm, clear water masses presumanly

resulting from Gulf Stream eddies have also been observed. These nasses
sometimes have a tioaI,-linclu edge and can contain tropical fish.
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1 igtirv 1 9. Two vie~ws of sout hwatrd-moving edge of fresh-
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4. Storms.

The area is affected by both extratropical (northeasters) and tropical
(hurricanes) cyclones. Bosserman and Dolan (1968), who examined the intensity
rnad frequency of extraptropical storms affecting North Carolina, classified
857 storms according to the 10 tracks shown in Figure 20; note that seven of
the tracks pass the FRF site. The most damaging storms follow the three
widest arrows (2, 3, and 4). The severest situation occurs when the movement
of a track 2 storm is slowed by a blocking high-pressure system to the north.
This occurred during the Great East Coast Storm of March 1962 and resulted in
strong northeasterly winds of long duration over a long fetch.

10

Figure 20. Storm tracks affecting the east coast
(from Rasserman and Dolan, 1968).

Storm occurrence prediction is somiewhat difficult since cyclogensis
(storm formation) frequently occurs offshore of Cape Hatteras. Bosserman nd
Dolan (1968) found that about 19 percent of all storms affecting the outer I
Banks develop in this manner. They also hindcasted wave heights for each
storm studied. Stom frequencies (all tracks) by wave height and month are
summarized in Table 7 and are shown in Figure 21.

Between 1901 and 1926, 31 hurricanes at full strength made either landfall
along coastal North Carolina or passed close enough to affect the area (Baker,
1978). The frequency of occurrence ol these hurricanes varies considerably
(Fig. 22). The area between Cape Hatteras and Cape Lookout has the highest
hurricane occurrence while the area around the FRF has the lowest with a
hurricane reaching the area once every 42 years. Tracks of historic hurri-
canes passing within 50 nautical miles (90 kilometers) of the FRF are shown in V
Figure 23 (Ho iad Tracey, 1975).
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figure 21. Monthly storm frequency and hindcasted wave height. based on a
total of 857 storms (adapted from Basserman and Dolan, 19b8).
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Miller (1980) examined the duration of storms using measurements from the
CERC Nags Head wave gage. He defined a storm as an event which caused the
measured wave height to exceed a critical height equal to the sun of the
annual mean significant wave height (0.88 meter) and one standard deviation
(0.49 meter). This definition was used to compute Figure 24 which indicates
35 percent of all storms were of 1-day duration or longer while only I percent
exceeded 6.8 days.

8-

7- Nags Head, NC

-
Cf

4-

!

2

0 1 1 1 I I I I I i,
001 0.1 05 1 2 5 10 20 30 40 5060 70 80 90 95 99 99.8 9999

Probability

Figure 24. Storm duration probability based on wave data recorded
by the CERC gage at Na s Head, North Carolina.

5. Sediment Transport.

The net longshore transport direction along the northern Outer Banks has
been reported as toward both the north (Langfelder, Stafford, and Amein, 1968)
and the south (Goldsmith, Sturm, and Thomas, 1977). Jarrett (1978) determined
a net southerly transport along the beaches north of Oregon Inlet.

Although a detailed sediment budget has not been prepared for the FRF
area, the longshore sediment transport rates can be estimated based on the
visual observations of wave height and direction given in Section IV,2.

Average monthly and annual predicted transport r tes based on the method
recommended in the Shore Protection Manual (SPM) (U.S. Army, Corps of Engi-
neers, Coastal Engineering Research Center, 1977) are given in Table 8. Note
that the vlues use a dimensionless proportionality constant, k, equal to
Oirl,. (Getcrlly tccepted values of this constant are given at the end of the
tiblv. A111al and seasonal variations in net transport, based on the propor-

itv coiin;tant, are shown in Figure 25.
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Using a proportionality value of 0.77 (Komar and Inman, 1970), the L sti-
mated gross transport at Sea Crest is 1,583,400 cubic meters (2,071,OUU cubic
yards) per year. The predicted net transport is to the south with a north-to-
south transport ratio of 0.43. The annual net transport to the south at Sea
Crest is estimated at 625,000 cubic meters (822,000 cubic yards) per year.

6. Tides and Sea Level Rise.

Ocean tides are setaidiurnal with a spring range of 1.Ib meters (3.8 leet)
and a mean range of 0.97 meter (3.2 feet). Water levels in Currituck Sound
are wind-dominated: high during periods of southwest winds, low during north-
east winds. Mean water level in the sound is about 0.27 meter (0.9 foot)
above MSL. Normal wind-induced setup is about 0.6 meter (2 feet) and 2tdown

is -0.2 meter (-0.7 foot).

Ho and Tracey (1975) investigated the frequency and magnitude of LuOrm
tides for the northern North Carolina coast. Their results for 10-, )U-,
100-, and 500-year return period storms are shown in Figure 26. Note that at
the Wright Monument, 23 kilometers south of the FRF, the expected IO0-year
surge height is 2.77 meters. Tide frequencies for several classes of storms
are shown in Figure 27.

II

a. 0

--I I.- 0> I "

10U 4.0
(2.6 8 z8 M0y --l 2 6 ( 7 ,

500-yr .
1I 10.6 I.(3.35) )0.6

99 I ('3.231 I(3261 30

II " nI 77.O I"(3.02100-0

8. 1 23 )I (15 (24 } 7 l71...

2 ,0-yr , 2 I65

TI (238 (.35) (2.441 ,{!65
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Figure 2b. Coastal storm surge frequencies north ot Cape Lookout, *,ortn

Carolinla. Numbers in {parentheses are values in mieters (t ruu~
Ho and Tracy, 1975).
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Figure 27. Tide frequencies at Wright Monument, North Carolina,

for the following classes of storms: (a) landfalling,
(b) alongshore, (c) inland, (d) exiting hurricanes and

tropical storms, (e) winter storms, (f) all storms
(from lo and Tracey, 1975).

Hicks (1981) examined the recent rate of sea level rise for a number
of east, gulf, and west coast beaches. For the closest station to the FRF,

Hampton Roads, Virginia (near the mouth of the Chesapeake Bay), Hicks calcu-
lated a rate of sea level rise equal to 0.4411 centimeter (0.U144 foot) per
year based on the period 1928 to 1978.

7. Surface Water Temperatures.

Table 9 gives monthly mean surface water temperatures at Virginia beach
based on observations between 1960 and 1966 (Department of Commerce, 1908).

Table 9. Monthly mean surface water temperatures. 1

Month OC. OF. Month OC. OF.

January 5.7 42 July 22.7 73

February 4.4 40 August 23.9 75

March 6.4 44 September 22.5 72

April 10.7 51 October 18.1 65

'lay 16.1 61 November 14.1 57

,Tune 20.3 69 December 8.4 47

1 Annual mean = 14.4 'C. (58*F.).
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V. BEACHES AND GEOLOGY

The FRF, located along a barrier spit forming the eastern edge of the

Coastal Plain, is the northernmost part of a complex series of barrier islands
which extend south to Cape Lookout. Though there are currently four inlets

along this stretch (Oregon, Hatteras, Ocracoke, Drum), the area is dynamic and

includes many relic inlets (Fig. 28).

1. Origin.

The origin of this series of barrier islands is both complex and slightly
controversial. Judge (1980) provides a summary of the following significant
theories. De Beaumont (1845) suggested that the islands formed by oar build-

ing. Gilbert (1885) theorized that longshore drift and spit building were the
primary cause of formation. Hoyt (19b7) postulated that rising sea levels (or

land submergence) could flood the flats behind the dunes and form a long sub-
aerial ridge. Hoyt and Henry (1971) noted that the capes coincided with
historic river deltas which were isolated by rising sea levels. Using strati-
graphic interpretation of core samples, Pierce and Colquhoun (1970, 1971)

found that 39 percent of the original 200-kilometer coast was primarily dune
and that the islands formed by shoreline submergence. Field and Wuane (197b)
postulated that the barriers formed on the Continental Shelf during low sea
levels and moved shoreward under the influence of sea level rise. Riggs

(1978) postulated that the islands were formed by submergence and had been
modified by coastal processes (waves, tides, and currents) to form their

present shape and alinement.

The general consensus is that the barrier islands are comprised of recent
(Holocene) sediments overlying Pleistocene deposits.

2. Shoreline Changes.

Historically, the ocean shoreline at the FRF has been relatively stable.
This was documented by Wahls (1973), who found a mean annual accretion rate
of 0.91 meter (3 feet) per year for the period 1955 to 1971. More recently,
Dolan's (1979) analysis of shoreline changes north and south of the FRF showed
long-term stability from 1940 to 1975 (Fig. 29), and overall erosion from 1977

to 1979. These results are based on shoreline measurements from photos at 50-
meter (164 feet) intervals over the 28-kilometer (45 miles) reach. Average

rates of change are computed based on the rates of change for each set of suc-
cessive photos. The following sets of photos were used in the analysis:

1940 to 1975 1977 to 1979
21 October 1940 2 February 1977

29 March 1955 11 November 1977

3 May 1962 16 May 1978
5 September 1975 2 December 1978

20 September 1979

Three rates were averaged to compute the 1940 to 1975 rates; four rates were
averaged to obtain the 1977 to 1979 rates. The air photo analysis procedure

is described in Dolan, et al. (1979). Errors can be significant, and average
rates of change less than 1.0 meter (3.3 feet) per year over 40 years are
difficult to measure.

54



. . (OLD) CURRITUCK (1585-1731)

(NEW) CURRITUCK (1713-1828)

MUSKETO(1585-1671)

CARTHYS (1585-?,1798-1811)
also known os Coffeys

• ROANOKE U1585 - 1811)OREGON (1585-1770-1846)

CHICKINOKE

NEW (1708- 1922, 1932- 1945)
LOGGERHEAD

CAPE INLET (1585-1657-.7)

HATTERAS (1846)

O9 R (OLD) HATTERAS (1585-1755)
p I CRACOKE (1585)

WHALEBONE
SWASH

NEW
NORMANS

OLD DRUM
DRUM

CEDAR INLET

BARDEN (THE DRAIN)

Figure 28. Present and historic inlets from the Virginia-
North Carolina border to Cape Lookout (adapted
from U.S. Congress, 1935, and Dunbar, 1958).

55



(W/yr) (ft/yr)

-50 -40 -30 -20 -10 0 10 -8 -6 -4 -2 0 2 4 6 8
-1r r. 28

.4l

-IV - 256

,,I- 0240
22 4

£/fYS 20.8

IV INIET 192

116

.16 .12 -8 16.0
0 1 tI

____CLRC f RF 14 4

?rFeb 1977 20 Scot 1919 11.2

- 9.6

80
-2100.1940-

5 Sept 197'5 64

- 4.8

3.2

I W LLi4 0
16 -12.8 .4 024/620-10 0 1.0 ?-0

(m/Y0, Averoge Eoseon Pole (r/yr)

Figure 29. Average preconstruction and postconstruction erosion
rates for 28 kilometers of shoreline near the FRF.

Because long time intervals tend to smooth the data, two different hori-
zontal scales were used in Figure 29. The 1940 to 1975 data show accretion or

stability near the FRF and erosion at the northern and southern ends ot the

study area. Between 1977 and 1979, erosion predominated with only a few areas

showing accretion. Interestingly, tile area with the most noticeable accretion
is located around Caffey's Inlet. The area just south of the pier appeared to

be stable, while peak erosion of 17.1 meters (56.1 feet) per year was found

183 meters (600 feet) north of the pier.

3. Topoah.

A contour map of the FRF site is shown in Figure 30. The island is 680

meters (2,200 feet) wide at the FRF and is bordered on the sound side by
a brackish water marsh (described in Section VI,6). The area is typified

by dunes which reach heights of more than 14 meters above MSL; the beach is
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Figure 30. Contour map of the FRF site (contours in feet).

backed by a dune which reaches a height of 7 meters (22 feet) above 1SL.
Beach width varies but averages about 40 meters (130 feet). Berius, with crest
elevations of 2.4 meters (8 feet), and beach cusps are common. The beach
tends to be wider immediately south of the pier than north of it. Foreshore
slopes vary from 0.023 to 0.345, averaging 0.108.

4. Beach Changes.

In May 1974, before the pier was constructed, CERC began surveys to wading
depth of the 62 profile lines shown in Figure 11. Surveys were conductea
monthly and immediately after storms. Thirty-four profile lines (4 to 20 and
45 to 61) were surveyed daily for three separate 30-day studies. The last
complete survey of the 62 prof ilt; lines was conducted in January 1977.

57



Birkemeier (1979a) reported on short-term changes for profile lines I to b
and 18 to 23 (Fig. 31). For a relatively severe northeaster, which occurred
2-3 December 1974, the average volume change on the above MSL beach was -5.8
cubic meters per meter (-2.3 cubic yards per foot). Prestorm and poststorm
profiles are plotted in Figure 32. Note that 2 of the 12 profile lines (18
and 22) gained sand as a result of this storm. Significant wave heights of
2.8 meters were recorded during the storm by the CERC gage at Nags Head.

Profile
Line

/ o a

IxI

3

4

S.

5

7 10 17
FRF
Pier R

20

• -2# 1,000 0 *,00

-22

- 23

Figure 31. Profiles in the vicinity of the FRF pier.
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Birkemeier (1979a) reported the average monthly variation in mean shore-
line position and unit volume for the same above MSL profiles (see Figs. 33
and 34). These data show no clear-cut seasonal variation. The subaerial
beach has the least amount of sand during March and December and the greatest
amount during April and November. These data do not provide the below MSL
profile changes.

4

2

E

E

-2

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Figure 33. Monthly variations in mean profile volume
(profile lines I to 6, 18 to 23, from. May
1974 to January 1977).
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- I [i][]i

Jon. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

Figure 34. Monthly variations in mean shoreline posi-
tion (profile lines I to 6, 18 to 23 from

ay 1974 to January 1977).

Changes in unit volume and MSi shoreline position tron May 1974 to January
1977 for each of 15 profile lines are shown in Figures 35 and 36. These fig-
ures include Birketieier's data ind idditional data from more closely spaced
profile lines on the FRF properLy (lines 7, 8, l, and 17). Profile lines lb
and 17 are located 48 neters (1,0 feet) north and south, respectively, of the
FRF pier. Unit volume chan es are referenced t,, Ilio iverage volume ahove :S.
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Shoreline position is referenced to the shoreline position of the profile

during the first survey. A linear regression fit to these data indicates that

on the average the profile lines accreted at a rate of 3.49 Cubic meters per

meter (1.39 cubic yards per foot) per year and the shoreline advanced at a

rate of 1.66 meters (5.4 feet) per year during this time period (Table 10).
Only profile lines 2, 19, 20, and 21 underwent a net erosion. With the

exception of profile line 16, profile lines immediately to the north of the

pier displayed a sharp erosional trend during the second phase of pier con-
struction (March to August 1976), which reversed in September 1976. Profile

lines immediately to the south of the pier and profile line lb underwent

general accretion during this period.

Table 10. Rates of change for profile lines in vicin-
ity of the FRF, May 1974 to January 1977.

Prof le Distance from HSI, shoreilne Above MSI, unit

line No. FRI
1  change2 volume change2

(M) (ui/yr) (n 3/m/yr)

1 -5,762 +3.36 +8.32

2 -4,755 -3.94 -15.87

3 -2,677 +1.58 +6.47

4 -1,667 +4.19 +15.10

5 -905 +5.31 +14.60

6 -524 +3.57 +9.88

7 -333 +4.22 +7.70

8 -238 +3.42 +3.26

16 -48 +2.58 +7.16

17 +48 +9.59 +11.29

18 +238 +5.42 +10.21

19 +619 +2.40 -7.63

20 +1,381 -2.36 0.00

21 +2,753 -1.46 -2.87

22 +3,834 +3.97 +10.43

23 -5,039 +1.85 +0.92

?loan i.a.e-wetghttd) +1.66 +3.50

1 'oitlivi distance is south, negative north.
2 positive, value indicates accretion, negative crosion.

5. Bathymetry.

Except immediately adjacent to and underneath the FRF, bottom bathymetry

is regular with a mild offshore slope. Offshore bathymetry is shown in Figure

37. Nearshore bathymetry, surveyed in November 1981, is shown in Figure 38.
A noticeable feature at the end of the FRF is a 8.0-meter (26 feet) hole,
slightly skewed to the south, which is the result of the pier's effect on the

waves, currents, and bottom sediment movements. Figure 39 shows the develop-
ment sequence of this hole and plots soundings taken along the FRF centerline
from 24 September 1973 to 5 January 1977 (before and after construction).

Though the data are incomplete, between 24 November 1974 and 5 January 1977,
the profile shape changed markedly with 2 to 3 meters of scour along the outer
section of the FRF.
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Nearshore changes, particularly during storm conditions, can be large.
Weekly soundings along both sides of the pier have been collected since July
1977. The profile envelope of surveys from July 1976 to December 1979 for the
south side of the pier is shown in Figure 40. The maximum sand level change
was 4.3 meters measured at 175 meters out; a 1.5-meter change was measured at
the end of FRF.

Is

d 

__| ~~~- Ill l l l l L L - l l l l

1209 490 6e
DISTANCE FROM BASE LINE CM)

Figure 40. Profile envelope of soundings taken along
the south side of the FRF pier from July
1976 to December 1979.

Birkemeier (1979b) reported that during a storm which produced maximum
significant wave heights of 3.8 meters (12.5 feet), 234.3 cubic meters per
meter (93.4 cubic yards per foot) eroded along the length of the pier. The
storm also produced a relatively flat 200-meter-long terrace at a depth of -6
meters (-19.5 feet).

The localized scour around the pier piles and the concrete abrasion col-
lars was investigated by DeWall and Christenson (1979). A maximum scour depth
of I meter below the surrounding bottom was measured. The waximum width of
holes was 7.3 meters (24 feet). Maximum pile scour was found at 243.8 meters
(800 feet) along the pier relative to the base line.

6. Longshore Bars.

Lester (1980) examined the frequency and movement of longshore bars, using
aerial photos from five overflights, and found that two different bar patterns
existed. From Duck north 75 kilometers to Cape Henry, there was a single,
uninterrupted bar. However, from Duck south to Oregon Inlet there was a
sequence of seven sandbars. These bars had a trisectional formation, in that
each bar tended to propagate at an angle from the shore, then continued south-
ward parallel to shore for a considerable distance until only remanent indi-
cations of the bar remained. The trisectional bar formation is defined as
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(a) the proximal, the section that propagated from shore; (b) the body, the

section that was parallel to shore; and (c) the distal or transitional, the

section where only remanent indications of the bar remained, and the proximal

segment of a new bar was starting. Three bars with this configuration are

shown in Figure 41.

4.

Figure 41. Aerial view Looking north trom KILl Devil Hills,
showing three distinct longshore bars.
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These bars showed a strong indication of seasonal, shore-normal taigration.
During the summer and winter months, the average distance of the bar from
shore was 137 meters (450 feet) and 290 meters (960 feet), respectively. The
total length of the bars ranged between b.4 and 9.b kilometers. The average
length of each proximal section was 1.2 kilometers, each body segment 7."
kilometers, and each distal segment 1.4 kilometers. There was very little
indication of shore-parallel migration. instead, there appeared to be a very

consistent location for the initiation of bar propagation from shore.

7. Sediment Characteristics.

a. Beach Material. As part of the BEP mentioned in Section III, a series
of 915 sand samples was collected (quarterly from 14 transects along the beactl,
above mean low water (MLW) Detween 1974 and Jauary 1971 kdi 6 . 42). Headland
and DeWall (1979) reported on the analysis of these samples. Each sauple con-
sisted of about 200 grams (7 ounces) taken by a specially constructed sampler
from the top I centimeter (0.4 inch) of the beach. The location and elevation
of each sample was carefully determined using tape and level techniques. Sakl-
ples were collected from the landward side ot the dune, the dune crest, the
dune toe, tile ber, and the foreshore.

Splits of the samples were analyzed on tile CERC Rapid Sediment Aalyzer
(RSA). Ten percent of the samples were also run at 0.5-phi intervals through
a standard sieve analysis for control. A subset of 60 foreshore sawples col-
lected during 1976 was analyzed for carbonate content. The results were then
analyzed for variations in mean size as a function of (1) position alon6 each
profile line, (2) position along the beach, (3) season, (4) percent carbonate,
and (5) foreshore slope. An avcrage ot all profile lines indicateu the mean
grain size decreased landward fro-, 0.52 millimeter (0.9 phi) on the foreshore
to 0.38 millimeter (1.4 phi) aL 'ite dune (Fig. 43). Profile lines to the
north show a much wider r oge uf sxzva than the Lines in the vicinity of
Oregon Inlet, due to a second:try w.Pdt: i. the coarse fraction on the bern and
foreshore (Fig. 44). fhe w, Li sizo f tie dune sand remains nearly constant
and ranges between 1.3 and 6.4 ilim. Lt.r (1.7 and 1.3 phi). Figure 45 shows
the bimiodal distribution io a samplle taken trol the foreshore at profile line
20 (south of the FRF).

Figure 46 illustrates the change in average sample mean and standard devi-
ation alongshore and confirms a decrease in sand size from north to south.
The coarsest material occurs in the vicinity of tile FKF (between lines 12 and
20) where the mean sand size ol the foreshore averages 0.6 to 0.8 millimeter
(0.7 to 0.3 phi).

Figure 47 summarizes the seasonal mean sand size, averaged by position oil
the profile line. Sand size oil the dune remains generally unchanged, wtiile
tie foreshore material (MUiW to .ISL) tends to become finer durin6 tile suimmier
months. Sand size on the berm is coarser during the summer than during the
rest of the year. Seasonal trends were not uniform from profile to profile.

The carbonate fraction of the foreshore samples, which consists of whole
and broken shell material, ranges from 0 to 20 percent of the sample by weight
(Fig. 4PI. The highest percentages occurred during the fall survey of profile
lines 35 to 41. Mean grain size was found to have a positive correlation
(0.4) with percent carbonate.
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Figure 45. Example of bitaodal foreshore sand-size
distribution, collected at profile line 20
on 7 Mray 1976 (elevation +0.2 meter MSL).
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Foreshore slope was determined at the same time each sample set was taken.
Figure 49 shows the strong positive correlation coefficient (r = 0.88) between
the average mean grain size and the average foreshore slope for each of the 15
profile lines; Figure 50 shows the decrease in average foreshore slope from
north to south.

Mean Grain Size ( 9 )
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Figure 49. Average foreshore slope versus average mean grain size.
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Figure 50. Alongshore variation in average foreshore slope.
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The north-to-south decrease in mean grain size confirms earlier findings
by Swift, et al. (1971) and Shideler (1973). A downdrift decrease in sand
size has been noted at other localities along the east coast (e.g., Ramsey and
Galvin, 1977). The coarse sand along the northern section of the study area
is characterized by a bimodal-size distribution. The northward-coarsening
trend does not continue northward of the study area (Goldsmith, Sturm, and
Thomas, 1977), but appears to be localized between Caffey's Inlet and the
vicinity of Duck. Swift, et al. (1971) attributed this coarse anomaly to a
local source of gravel which is excavated from the former Albemarle River
channel.

b. Nearshore Sediments. In August 1979 scuba divers collected a set of
35 short-core sediment samples on three shore-normal transects--along the pier
centerline and along parallel lines 75 meters both north and south of the pier
centerline. The results of the settling tube (RSA) analysis of these samples
are plotted as box plots in Figure 51. Each sample is plotted relative to its
distance (in meters) from the FRF base line, along the shore-normal transect.
Values of the 10th, 16th, 25th, 50th (median), 75th, 84th, and 90th percent-
iles of the cumulative size distribution are also plotted for each sample.
Sample depths, as determined by lead-line soundings and corrected to MSL
elevations, are plotted for each transect. The statistics are summarized in
Table 11.

According to Folk's (1965) classification, the bottom material is gener-
ally moderately well sorted, medium to fine sand. Median grain size ranges
from 0.28 to 0.12 millimeter (1.85 to 3.11 phi) with sorting values ranging
between 0.74 and 0.40 millimeter (0.44 and 1.31 phi) (Table 11). A zone of
sandy silt is encountered at 13- to 15-meter (45 to 49 feet) depths. No
gravel was directly observed, although one sample (Table It, transect 1,13)
taken 43 meters (140 feet) directly seaward of the pier end did contain a
secondary mode in the 1.4- to 1.0-millimeter (-0.5 to 0 phi) size fraction
(very coarse sand).

The bottom was generally observed to be rippled, except in the surf zone

where ripples were wiped out by surging breakers. Ripples were generally
shore parallel with wavelengths ranging from 4 to 12 centimeters (1.5 to 5
inches) and heights from I to 4 centimeters (0.4 to 1.5 inches). At a 2.9-
meter water depth megaripples were observed to be the primary bed form with
smaller ripples superimposed. Megaripple wavelength was 2 meters (6.5 feet);
height was 15 centimeters (6 inches).

c. Subbottom Sediments. Field (1973) summarized the results of a
subbottom geophysical survey conducted at the site in 1972-73. His analysis
of four nearshore vibracores and five drill holes (Figs. 52 and 53) showed
that the beach is underlain by more than 15 meters of sand at the shoreline,
thinning to about 1.5 meters at the 12-meter contour. Sediments vary from
coarse sand with gravel layers to dense, poorly graded (well-sorted), fine
sand. Alternating silts, clays, and silty sands are common below this sand
prism. Geophysical records show a nearly horizontal reflector (layer) at -12
meters MSL nearshore that appears to intersect the bottom and become exposed
at about -14 meters MSL. The depth of this major reflector was found to cor-
relate with the change from sand with gravel layers to silts and clays noted
in the core logs (Fig. 53). The surface samples and visual observations
discussed above confirm an outcrop of the silt layer at -13 to -15 meters
MSL. Detailed core logs and geophysical records are on file at CERC.
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Table 11. FRF offshore sand samples, 7 to 9 August 1979.

Sample MSL depth Mean grain Mediat, grain Std. dev. Distance from

No. size size base line

) (phi) (.) (Phi)T ) (phi) (i)

TRAISECT I (pier centerline)

1 16.4 2.76 0.15 2.86 0.14 0.51 3,341

2 15.8 2.48 0.13 2.55 0.17 0.59 2,610

3 13.7 2.83 0.14 2.95 0.13 0.56 2,085

4 11.99 ---- I ------------- ---- 1,638

5 8.1 2.47 0.18 2.62 0.16 0.64 550

6 6.5 2.05 0.24 2.18 0.22 0.63 410

7 4.7 2.03 0.24 2.16 0.22 0.70 350

8 4.7 2.31 0.20 2.39 0.19 0.48 250

9 1.4 1.80 0.29 1.89 0.27 0.66 210

10 11.3 2.77 0.15 2.87 0.14 0.54 1,366

11 9.40 2.47 0.18 2.67 0.16 0.83 1,093

13 7.30 2.27 0.21 2.74 0.15 1.31 640

TRANSECT 11 (75 ineters north of centerline)

1 14.5 2.96 0.13 3.01 0.12 0.44 2,090

2 12.7 2.97 0.13 3.08 0.12 0.70 1,890

3 12.2 2.83 0.14 2.96 0.13 0.62 1,647

4 11.7 2.64 0.16 2.75 0.15 0.58 1,361

5 11.4 2.77 0.15 2.85 0.14 0.51 1,340

6 9.8 2.71 0.15 2.79 0.14 0.55 1,085

7 7.6 2.69 0.15 2.77 0.15 0.57 787

8 7.6 2.60 0.16 2.61 0.16 0.46 736

9 6.9 1.79 0.29 1.97 0.26 0.61 704

10 5.3 2.32 0.20 2.37 0.19 0.64 497

11 2.7 2.14 0.23 2.24 0.21 0.63 283

12 1.5 2.03 0.24 2.01 0.25 0.91 159

TRANSECT 1l (75 meters south of centerline)

1 14.7 2.99 0.13 3.11 0.12 0.62 2,090

2 14.1 2.78 0.15 2.93 0.13 0.76 1,750

3 13.6 2.89 0.13 2.98 0.13 0.58 1,675

4 10.4 2.86 0.14 2.94 0.13 0.64 1,370

5 9.6 2.80 0.14 2.86 0.14 0.47 1,088

6 7.8 2.86 0.14 2.87 0.14 0.50 743

7 6.5 2.68 0.16 2.70 0.15 0.54 491

8 4.1 2.44 0.18 2.45 0.18 0.51 379

9 3.F 2.26 0.21 2.29 0.20 0.55 343

10 3.0 2.15 0.23 2.13 0.23 0.59 275

11 2.5 2.46 0.18 2.41 0.19 0.61 21

'Too fine for R.A.
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VI. ECOLOGY OF THE FRF SITE

The mid-1600 settlement of the Outer Banks drastically changed the vege-
tation and topography of the region. Forests were diminished for fuel and
building, and grass and shrubs were uprooted by grazing livestock which con-
tinued into the beginning of the 1900's. Once vegetation was disrupted the
sandy soils became susceptible to movement by wind and storm tides. The
blowouts and sand dunes seen today are results of these forces.

In 1935 the Works Progress Administration and the Civilian Conservation
Corps began stabilizing the foredune from the Virginia border to approximately
the middle of Ocracoke Island. Some of these foredunes now exceed 8 meters in
height. The ocean beach, foredunes, arborescent (tree- and shrub-dominated)
and sound-side marsh zones are the most characteristic features of the Outer
Banks profile (Levy, 1976). The most variable zone is between the foredune
and the arborescent zone. This is particularly evident at the FRF site.

1. Vegetation.

Levy (1976) conducted a complete vegetation study of the FRF site. A
vegetation map of 11 different communities in the area is shown in Figure 54.
Permanent plots were located in each of the designated communities. The
results of the study showed the flora to be composed of about 178 species and
132 genera representing 58 families (App. E). Six of the plant communities
correlate with the communities generally common to the Outer Banks: fore-
dunes, wetlands, oceanside shrub, sound-side shrub, low dune grass, and bare
sand. The remaining five communities are relatively unique to this site:
sound-side disturbed, planted American beachgrass (Ammophila bretiZiiulata),

planted bitter panicum (Panimon amorulum), sandgrass-buttonweed (Triplasis
Purpurea-Diodia teres), and spurge-sandgrass (Euphorbia polygonifolia-
Trilasis Purpurea).

In September 1978, CERC reestablished approximately two-thirds of the
previous plots, which could be located, and added more. Plant species were
collected and identified, and the vegetation was mapped for comparison with
aerial photos at scales of 1:2000 to 1:34000. Optimum scales for identifying
vegetative species, associations, communities, and zones were also determined

in the comparison.

a. Dune Vegetation. In April 1972, before CERC obtained the FRF site,
the U.S. Navy sprigged the area with American beachgrass. In 1973 and 1974,
North Carolina State University conducted experiments on propagation, han-
dling, processing, and planting of bitter panicum, American beachgrass, and

sea oats (Unioia paniculata) in the northern part of the site about 300 meters
inland. By the fall of 1974, bitter panicum was the most successfully estab-
lished. Fertilizer applications were necessary to retain the vigor of the
planted stands. The results of this study were reported by Seneca, Woodhouse,
and Broome (1976). Although the actual plantings are no longer clearly delin-
eated, the general area is still identifiable from the air (see Fig. 4).

b. Marsh Vegetation. Experimental marsh plantings were established
between April and September 1973 on the sound-side shore of the site to

80



fl;~ 4 All, - -

I 4-p

It

t -l

C

'It

t It

I0, j.

Foredune Sandgrass-buttonweed;7 Sound-side disturbed
Oceanside intershrub LiLow dune grass ~ Wet lan'ds
Oceanside shrub On-iesrbS d

Plne mrcnPlanted bitter Spurge-sandgrass
beachgrass panicum

Figure 54. Vegetation miap of the FRF (Levy, 1976).



stabilize the eroding shore (Fig. 55): a nursery area to the south and an

unplanted control area to the north. Four species were planted: smooth
cordgrass (Spartina alterrifl~ora), black needlerush (Junus roemeianus),
narrow- and broad-leaved cattails (Typha spp.), and common reed (Phragmites
austraZis). Plant density and dry weight for fhe marsh were determined in
June and October 1979. The results of this experiment show that the optimum
planting time is April, May, and June. CERC, in conjunction with the Soil
Conservation Service (SCS), has planted 10 species of freshwater marsh plants

on the sound side to determine their erosion control potential, and 11 acces-
sions of saltmeadow cordgrass (Spartina patens) in the dunes to determine
those most suited for dune stabilization in the Outer Banks area.

Figure 55. Experimental marsh in Currituck Sound before
planting (April 1973).

Profile lines in the marsh were surveyed in 1973, 1978, and 1979. Between

September 1973 and September 1978, the 1- to 1.5-meter bank eroded at a rate
of about 1.5 meters per year. Between 1978 and 1979, 1.06 cubic meters per
meter of sediment began to accrue in the planting area, while the unplanted

area eroded -1.68 cubic meters per meter. The marsh is now well established
(Fig. 56). Many new species, mostly freshwater species, have invaded the
marsh as the salinity is negligible, varying between i and 5 parts per thou-

sand. Sediments in the sound are composed of medium sand.

2. Fauna Studies.

Hiatta (1977) conducted an intensive seasonal study of the FRF ocean and
sound beach fauna. On the ocean beach, 23 species of macrofauna in 5 phyla
and 19 families were collected (see App. E); all but four of these species
were polychaetes or crustaceans. Several types of meiofauna were also quan-
titated but were not identified to the species level. On the sound beach 23
species of macrofauna in 4 phyla and 23 families were collected (see App. E),
with the phylum Arthropoda dominating the macrofauna, the phylum Annellida the
most numerous.
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Figure 56. Experimental marsh in September 1975.

The land fauna were surveyed over a period of a year from August 1975 to
September 1976 (Gorbics and Hurme, 1978). Identification was made on the
basis of tracks, scats, visual observation, and trapping. Thirteen different
species were documented; however, the study was not intensive enough to pro-
vide a complete fauna list.

For further information concerning ecological studies at the FRF, contact:

U.S. Army Coastal Engineering Research Center
ATTN: Chief, Coastal Ecology Branch
Kingman Building
Fort Belvoir, VA 22060

VII. OTHER AVAILABLE DATA

This section provides lists of some of the data available for the FRF,
including aerial photography (Table 12), LEO data (Table 13), beach survey
data (Table 14), and ecological data (Table 15). Refer to Table 3 for
information about available data irom sensors located on the FRF pier.
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Table 12. Duck aerial photography.

Ilit e ForumIt Sca le SoIrce Proj fct

'1 0ct. 19/1t B & W 9" x 9" 1 :24,000 US;S Barrier Reefs,
N.C. coast (F9885)

29 MarU. 195' B & W 9" x 9" 1 :20,000 NOAA 55W

:) Doc. 19S8 B & W 9" x 9" 1:20,000 ASCS AOL

13 Mar. 191,? i & W 9" x 9" 1:5,000 USG;S MA.ITS b 2-1

3 Ki y 1962 H & W 9" x 9" 1:20,000 LISGS MATS ,2-1/MISS-77

25 June 19(e
,  

It & W 9" x 9" 1 :510M, NOAA 62 W

Aug. 1971 B & W 9" x 9" 1:12,000 CERC

I Nov. 1971 B & W 9" x 9" 1:12,0)0 CFRC VT33T KTS013-UNC

( tov. I)/2 I & W 9" x 9" 1:12,000 CERC VT33TRTSO90-AG MU

30 Jan. 1973I B & W 9- x 9" 1:130,000 NASA 73-013C

13 Feb. 1973 Color 1R 9" x 9" 1:12,000 CERC

Sept. l9i
-
t b & W 9" x 9" CERC

2 Feb. 197/ Color/ Varies CERC Quarterly

color IR 9" - 9"

29 .July 1l77 Color 9" x 9" 1:6,000/ CERC Quarterly

1:12,000

10 At, .. 19 7 C1olor 9" x 9" 1 :6,000 CERC Q I rtc rIy

11 Nov. 191/ C.or 9'" 9" Varies CERC Quarterly

8 Fe 1. 1q9(t 
+  

Color 9" x 9" Varies CERC QuartIrly

I MiV l '. 1 W 9 " x 9" 1:2,000/ CERC Quart erly

1:6,000/
1 : 12,000

12 S t . I S, Color/
color IR 9- x 1) Varies CERC Duck-X flight

13 S.ipt. l"!'i I; & W 9" x 9" 1:12,000 CERC Duck-X flight

18 i0 . 19, I 1t, , W ' " 9" 1:12,000 C1RC Quw rtrte.rlv

:, 1), '. I';,
'
*

.,  
R & W 9" - 9" 1:12,000 CERC Q.mirt,. rlv

21 p 1. I'); 11 & W/ 1:6,000/ CHIC Quarterly

Iotr IIt 9" - 9" 1:12,000

p , . 1I"]' Ii & W/ 1:6,000/ CE1,C Quarterly

(, lor I 9" - 9" 1:12,000

1 H;' . W 9" 9" 1:12,00)0 CERC Quirterly

I . 1",''1 t A 14/ 1:6,1111(1/ CHRC SLAlP
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Table 13. Summary of visual Littoral Environment Observations (LEO).

Year No. per month

Jan. Feb. Mar. Apr. I May June I July Aug. Sept. Oct. Nov. Mc.

Sea Crest (see Fig. 1)

1972 36 29 30 34 49 43

1973 33 37 59 29 57 25 43 35 34 54 27 11

1974 27 29 26 12 27 26 30 9 15 30 25 16

1975 22 24 30 12 21 27 16 19 26 19 26 24

1976 30 31 29 26 29 25 16 22 30 24 11

1977 31 4 9 11 2b 28 30 30 29 14 7 4

1978 20 27 14 18 11 17 11 21 15

1979 13 5 18 12 3 24 16 7

Avalon pier (see Fig. 11)

1973 8 60 52

1974 60 56 62 60 55 57 62 62 59 62 4 40

1975 62 56 61 60 62 60 62 61 60 60 60 62

1976 62 58 61 60 62 61 61 56 80 62 60 54

1977 18 62 28 34 63 62 62 58 63 48 31

1978 31 28 31 31 31 30 31 31

1979 31 29 30 16

FRF pier end

1977 6 25 16 16 16 21

1978 18 18 22 16 17 22 19 20 20 22 20 20

1979 22 16 25 21 21 18 21 23 19 21 19 31

1980 28 28 29 30 31 30 30 31 21 24 19 21

1981 25 25 31 30 28

FRF beach

1977 4 23 9 11 16 21

1978 21 18 21 18 20 18 19 20 21 20 18 19

1979 23 16 20 19 20 18 21 22 19 21 18 lb

1980 28 28 30 30 31 29 29 30 22 23 19 19

1981 25 23 31 30 28
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Table 15. Ecological data for FRF.

Data Survey dates Remarks

1. Sound-side marsh and con- Sept. 1973, Sept. 1978, See Section Vll,b

trol area profile lines May 1979, Oct. 1979, for preliminary
Apr. 1980, July 1980, results
Sept. 1980, May 1981-

July 1981, Nov. 1981

2. Currituck sound profiles June 1979, May 1980 Lines are labeled

(nine profile lines located "CS" in Figure 10
every 51.8 meters (170 feet)
along sound shore)

3. Herbarium specimens (col- Plant study Available at CERC

lection of plant species) (Levy, 1976) Coastal Ecology
Branch

4. Beach fauna reference Fauna study Available at CERC
collection (Matta, 1977) Coastal Ecology

Branch

87



LITERATURE CITED

BAKER, S., "Storms, People and Property in Coastal North Carolina," University

of North Carolina Sea Grant Publication No. UNC-SG-78-15, Chapel Hill, N.C.,

Aug. 1978.

BEACH EROSION BOARD, "Beach Erosion at Kitty Hawk, Nags Head, and Oregon

Inlet, North Carolina," H.Doc. 155, 74th Cong., Ist sess., U.S. Army, Corps
of Engineers, Washington, D.C., 1935.

BIRKEMEIER, W.A., "Beach Profile Changes Near the CERC Field Research Facility

on the Outer Banks of North Carolina, Duck to Cape Hatteras," Assateague
Shore & Shelf Field Trip Guide, unpublished, Apr. 1979a.

BIRKEMEIER, W.A., "The Effects of the 19 December 1977 Coastal Storm on

Beaches in North Carolina and New Jersey," Shore and Reach, Jan. 1979,

pp. 7-15 (also Reprint 79-2, U.S. Army, Corps of Engineers, Coastal Engi-

neering Research Center, Fort Belvoir, Va., NTIS A070 554).

BOSSERMAN, K., and DOLAN, R., "The Extratropical Storms Along the Outer Banks

of North Carolina," Technical Report 68-4, National Park Service, 1968.

DE BEAUMONT, E., "Septieme lecon.," Lecons de Geologie Pr'actique, P. Bertrand,

ed., Paris, France, 1845, pp. 221-252.

DEPARTMENT OF COMMERCE, "Surface Water Temperature and Density: Atlantic

Coast, North and South America," Publication 31-1, U.S. Coast and Geodetic
Survey, Rockville, Md., 1968.

DEPARTMENT OF LABOR, "Commercial Diving Operations," Federal Register, Occupa-

tional Safety and Health Administration, Vol. 42, No. 141, part III, July

1977, pp. 37649-37674.

DeWALL, A.E., and CHRISTENSON, J.A., "Guidelines for Predicting Maximum Near-

shore Sand Level Changes on Unobstructed Beaches," U.S. Army, Corps of

Engineers, Coastal Engineering Research Center, Fort Belvoir, Va.,

unpublished, Dec. 1979.

DOLAN, R.A., "Report on Shoreline Dynamics at the CERC Field Research Facil-
ity," U.S. Army, Corps of Engineers, Coastal Engineering Research Center,

Fort Belvoir, Va., unpublished, Dec. 1979.

DOLAN, R.A., et al., "Shoreline Erosion Rates Along the Middle Atlantic Coast

of the United States," Geoloqy, Vol. 7, Dec. 1979, pp. 602-606.

DUNBAR, G.S., "Historical Geography of the North Carolina Outer Banks," Series
3, Coastal Studies Institute, Louisiana State University Press, Baton Rouge,

La., 1958.

FIELD, M.E., "Report on Analysis of Offshore Seismic and Core Logs from the

Proposed CERC Field Research Facility," U.S. Army, Corps of Engineers,

Coastal Engineering Research Center, Fort Belvoir, Va., unpublished, Mar.

1973.

FIELD, M.E., and DUANE, D.B., "Post-Pleistocene History of the United States

Inner Continental Shelf Significance to Barrier Islands,' Bulletin of the

Geotoqicat qociety of America, Vol. 87, No. 5, May 1976, pp. 691-702.

88



FOLK, R.L., Petrology of Sedimentary Rocks, Hemphill's, Austin, Tex., 1965.

GILBERT, G.K., "The Topographic Features of Lake Shores," 5th Annual Report,
U.S. Geologic Survey, 1885, pp. 69-123.

GOLDSMITH, V., STURM, S.C., and THOMAS, G.R., "Beach Erosion and Accretion at
Virginia Beach, Virginia, and Vicinity," MR 77-12, U.S. Army, Corps of Engi-
neers, Coastal Engineering Research Center, Fort Beivoir, Va., Dec. 1977.

GORBICS, C.S., and FIURME, A.K., "Land Fauna Survey of the CERC Field Research
Facility, Duck, North Carolina," U.S. Army, Corps of Engineers, Coastal
Engineering Reserch Center, Fort elvoir, Va., unpublished, Aug. 1978.

HEADLAND, J.R., and DeWALL, A.E., "Sand Size Trends Along the Northern Outer
Banks of North Carolina," Assateague Shore and Shelf Field Trip Guide,
unpublished, Apr. 1979.

HICKS, S.D., "Long Period Sea Level Variations for the United States Through
1978," Shore and Beach, Apr. 1981, pp. 26-29.

HO, F.P., and TRACEY, R.J., "Storm Tide Frequency Analysis for the Coast of
North Carolina, North of Cape Lookout," NWS HYDRO-27, National Oceanic and
Atmospheric Administration, National Weather Service, Rockville, Md., 1975.

HOYT, J.H., "Barrier Island Formation," Bulletin of the Geological Society of
America, Vol. 78, 19b7, pp. 1125-1136.

HOYT, J.H1., and HENRY, V.J., "Origin of Capes and Shoals Along the Southeast-
ern Coast of the United States," Bulletin of the Geological Society of
America, No. U.82, Jan. 1971, pp. 59-66.

JARRETT, J.T., "Coastal Processes at Oregon Inlet, North Carolina," Proceed-
ings of the 16th Conference on Coastal Engineering, American Society of
Civil Engineers, 1978.

JUDGE, C.W., "Geology and Physiography of the Field Research Facility at Duck,
North Carolina," U.S. Army, Corps of Engineers, Coastal Engineering Research
Center, Fort Belvoir, Va., unpublished, Feb. 1980.

KOMAR, P.D., and INMAN, D.L., "Longshore Sand Transport on Beaches," Journal
of Geophysical Research, Vol. 75, No. 30, Oct. 1970, pp. 5914-5927.

LANGFELDER, J., STAFFORD, D., and AMEIN, M., "A Reconnaissance of Coastal
Erosion in North Carolina," Department of Civil Engineering, North Carolina
State University, Raleigh, N.C., 1968.

LESTER, M.E., "Aerial Investigation ot Longshore Bars Along the Outer banks
of North Carolina," U.S. Army, Corps of Engineers, Coastal Engineering
Research Center, Fort ]elvoir, Va., unpublished, 1980.

LEVY, G.F., "Vegetative Study at the Duck Field Research Facility, Duck, North
Carolina," MR 76-b, U.S. Army, Corps of Engineers, Coastal Engineering
Research Center, r'ort Belvoir, Va., Apr. 1976.

MATTA, J.T., "Beach Fauna Study of the CERC Field Research Facility, Duck,
North Carolina," MR 77-6, U.S. Army, Corps of Engineers, Coastal Engineering
Res2arch Center, Fort belvoir, Va., Apr. 1977.

89



MATTIE, M.G., and HARRIS, D.L., "A System for Using Radar to Record Wave
Direction," TR 79-1, U.S. Army, Corps of Engineers, Coastal Engineering
Research Center, Fort Belvoir, Va., Sept. 1979.

MILLER, H.C., "Storm Duration Defined and Applied," U.S. Army, Corps of
Engineers, Coastal Engineering Research Center, Fort Belvoir, Va.,

unpublished, 1980.

MILLER, H.C., "Instrumentation at CERC's Field Research Facility, Duck, North
Carolina," MR 80-8, U.S. Army, Corps of Engineers, Coastal Engineering
Research Center, Fort Belvoir, Va., Oct. 1980.

PIERCE, J.W., and COLQUHOUN, D.J., "Holocene Evolution of a Portion of the
North Carolina Coast," Bulletin of the Geological Society of America , Vol.
81, 1970, pp. 3697-3714.

PIERCE, J.W., and COLQUHOUN, D.J., "Configuration of the Holocene Primary Bar-
rier Chain, Outer Banks, N.C.," Southeastern Geology, Vol. 11, No. 4, 1971,
pp. 231-236.

RAMSEY, M.D., and GALVIN, C.J., Jr., "Size Analysis of Sand Samples from

Southern New Jersey Beaches," MR 77-3, U.S. Army, Corps of Engineers,
Coastal Engineering Research Center, Fort Belvoir, Va., Mar. 1977.

RIGGS, S.R., "Shoreline Erosion and Accretion: A Process-Response Classi-
fication of Estuarine Environments of North Carolina," Poster Series No.
04-6-158-44054, University of North Carolina Sea Grant program and the North
Carolina Coastal Resources Commission, 1978.

SENECA, E.D., WOODHOUSE, W.W., Jr., and BROOME, S.W., "Dune Stabilization with
Panicum am'zrum Along the North Carolina Coast," MR 7b-3, U.S. Army, Corps of
Engineers, Coastal Engineering Research Center, Fort Belvoir, Va., Feb.
1976.

SHIDELER, G.L., "Textural Trend Analysis of Coastal Barrier Sediments Along
the Middle Atlantic Bight, North Carolina," Sedimentary Geology, Vol. 9,
1973, pp. 195-220.

SWIFT, D.J.P., et al., "Textural Differentiation on the Shoreface During
Erosional Retreat of an Unconsolidated Coast, Cape Henry to Cape Hatteras,
Western North Atlantic Shelf," Sedimentology, Vol. Ib, 1971, pp. 221-250.

THOMPSON, E.F., "Wave Climate at Selected Locations Along U.S. Coasts,"
TR 77-1, U.S. Army, Corps of Engineers, Coastal Engineering Research Center,

Fort Belvoir, Va., Jan. 1977.

U.S. ARMY, CORPS OF ENGINEERS, COASTAL ENGINEERING RESEARCH CENTER, Shore
Protection Manual, 3d ed., Vols. i, ii, and Ill, Stock No. 008-022-00113-1,
U.S. Government Printing Office, Washington, D.C., 1977, 1,2b2 pp.

WAHLS, H.E., "A Survey of N.C. Beach Erosion by Air Photo Methods," Report
73-1, Center for Marine Coastal Studies, North Carolina State University,
Raleigh, N.C., 1973.

90



BIBLIOGRAPHY

This bibliography contains more than 360 references discussing the Outer
Banks of North Carolina, loosely defined as the area between Virginia Beach,

Virginia, and Shackleford Banks, North Carolina. Although Virginia Beach is

not a barrier island, it has been included because of its close proximity to

the FRF and because of the wealth of coastal research conducted there. The

references are divided into the following 10 broad topics:

Atlases

Beach Processes

Bibliographies

Ecology

Geology

Hydraulics

Inlets

Miscellaneous

Sediments

Shoreline Changes

Because some of these topics overlap (e.8., Beach Processes and Shoreline

Changes) and citations are not cross referenced, the references under all

pertinent topics should be checked.
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APPENDIX A

EXAMPLE OF LIABILITY RELEASE

Safety and Liability Statement

I, , representing

(printed name) (agency/organization)
have been briefed on the safety aspects of

my work at the Field Research Facility, Duck, North Carolina. I have also
read and understand the safety regulations concerning work on and around the
pier.

I agree to hold the Government harmless against any claims, demands, or lia-
bilities arising out of the use or operation of the facility during the
following term of the experiment or study: to .

(date) (date)

(signature)

(date)

CERC FOW 1 134
I August 1978
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APPENDIX B

OIVE PLAN

NongovernIuceTt Diving Operations Plan
Field Research Facility

Duck, North Carolina

1. Description of Mission:

a. Diving operations are scheduled to be conduct. d from
to at the Field Research Facility (FRI ), Duck, Xorth Carolina.

b. The diving operation is being conducted by personnel tron

(organization)

c. Briefly describe purpose of operation.

d. Describe in detail pro posed ulderwatc r work.

U. Ilscr ie I c,i tin of 3per,t in (it iv, i ihi ti lde my coor di n tit c
Lr is i t .i' .I', t '.) in r,.I ation to tic pier.
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f. If equipment is to be left in place, provide a diagram on a separate

page of the general layout including distances, instramentation, handlines,

pipes, buoys, etc.

g. Total expected bottom time for each diver for entire operation is

hours.

h. Iaximum expected depth is feet.

2. Description of Diving Apparatus/Equipaent to be Used.

a. Open-circuit scuba, SAS, other (describe).

b. Wet suit, unisuit.

c. Tanks.

(1) Single - double.

(2) Steel - aluminum.

(3) "umber beins brought to FRF

d. Diving, raft or platform.

(I) ;raf t.

b) legth

(c) hiuth,)<ird lip

(d) Number of persoinel (including divers) to accoliipany craft

(2) If craft is not being used, briefly describe

(a) M-eans by which divers will enter and exit the water.

(b) Approximate distance from entry and exit point(s) to dive

locat ion.

3. Safety Requirements.

a. Diving.

(1) A standard diving flag will be displayed when diving operations

are underway.

(2) Al L dives will be no-decompression dives.
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(3) The minimum number of personnel on a scuba dive team will
include: a diver, a buddy diver or standby diver (if diver is line tended)
and a tender/timekeeper.

(4) Divers will maintain either visual or physical contact when
submerged.

(5) A buoyancy compensator will be worn by each diver.

(6) Dives will not be made when steady currents exceed 1 knot.

(7) All dives will be accomplished in accordance with OSHA Commercial
Diving Regulation, Part 1910, Subpart T.

b. One diver in each dive team will be designated as the "senior diver"
with the following responsibilities:

(1) Maintain a first aid kit.

(2) Notify the FRF Chief when diving operations are underway and when
they are secured.

(3) Insure that emergency support and facilities are available prior
to commencement of dive.

(4) Give an operations briefing to all divers prior to the start of
operations.

(5) Conduct a pre-dive check on divers prior to entering the water.

c. Diving craft.

(1) Breaking waves 4 feet or higher will preclude launching of craft
through the surf zone.

(2) Normal safe boating practices will be followed.

4. Personnel.

Position Name Certification (type and date)

divers only

Onsite supervisor
(if other than senior
diver)

Senior diver

Divers

Support personnel

Place an asterisk t bc- de any personnel who are first aid and/or CPR
qualified.
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If for any reason the dive plan, as approved, is altered in mission,
depth, personnel or equipiaent, the FRF Group Diving Coordinator shall be con-
tacted in order that he may review any revision prior to actual operations.

SUBMIITTED BY:
name (please print) date

ADDRESS:

PflONE N'O:

REF(OWENDED FOR APPROVAL:

FRF Group Diving Coordinator date

APPROVE) _____________________ ______________
Chief, Field Research Facility date
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\P111NDIX C

EI&NCHl-%\RK DOCUItWNTAT [ON FORM

COUmIN) TYVPE OF MARK STATION

LOCALITY SITAMPING ON MARK AGENCY ICASY IN MARKS) EEVAT IONIfT

LATITUDE L oiJUEOAU DATUbM-

I~RIGASTINGI T ?AS NIIRT HI F GRkiD AND ZONE ESTA L85ID BY IGE VI

ITNORT.INGliCEASIC GRI A,1, ZOt DATEG~ NGD

TO ORT AIN GRID AZIMUTH A11. TO THE GEOOETI A-Mol.

To O111 AIN GHICD AZ (ADOIISUe TO0 THE GEODDE TIC I IMU T

AZIMUTH DR DIRE( ,ON EODSAWE GI IT~

OBJECT 1(GEODE TtCIIGHIL"I BACg AZIMUTH I MEC TERST NG M TRI DISTNTI

D A 19 -5 9 F. 1h.# .. . m -17 N

- ___- AMANET ~ 1019_



APPENDIX D

1ONT1iI.Y H)INT WAVE IIEICIT-PERIOD DISTRIBUTIONS

IAV 4 A I yco F l? %,S "600 *.T. CCIA%,&
00 0,'i* G AI A "L- t :-l, 'I' CSE4 JL2O.C PEf 1008 085)

573 b_4'!0~ .- 441v IF . '. 12. 7'i, N7, 78

0.1 1.2 2-1 3.81 toeS 5 6.7 7.8 8.9 9.10 10.11 Ij-12 12.i 13 %* A~7.0. ~~
1. .. 0 0.00

7~~~ 7 0 0~,sd
* .. ~ 2 .s . .~ 2 .4

2 - 2s IA 3 0h*

2? 22 2 0 . 0 9 0

1, 7 97 12 a 2 ~ 47

-t 3. 8 7'1

- ?'' 2. .3 109 ~ 2 .



I4t4f C,.,"A7CL,33V FCQ N~AGS H100. %OPT" CAOCLINA
03:jllO Cy~ S14.'.PCANI HLk3-T VS PtAI0I (IN. 085ERVATIONS PER 1000 085)

7Os06 S1AV£T;C'3 $1, M mARY PCk MAR 69, 72. 73, 75. 76. 77, 78

P12100 SIG, HEIG6wf (IT)

cum. R0.o
0.1 1.2 2-) 3.0 4.S S.8 8.7 7.8 8.9 9.10 10.11 I1.12 12.13 13 T OT.* TOT.* AVG.$

.0*.9 1000 0.00
1. 1.9 1000 0.00

?.a 2.9 1 1 toco 1.s0
3. 3.9 1 1 b I as qqq 2.43
4. o .1 1 6 it 10 20 977 2.ss

t .10.1 1 t 31 35 14 1 1 I lc. 10 .??

. * 8.9 is 2140 13 S 1 0 3 1.7 t "3 3.71
7.0 7.9 1 145 18 t1b 7 3 1 771 1 '' 1.81

e 8.9 3 71 %1 40 34 to I 4 I 22Q '.r5 Z,94
Q.0  9.9 so sl 23 11 10 1 1 1 M5 -. 1 ?.a3
3 . 5-0.9 1 '45 30 21 0 7 9 3 ISO 101 2.A4

11.0 *11.'0 1''. 0.00
:9. -12.9 1 2£ 17 11 18 1 9 3 3 Y10 17b 1.84
!;.C -13.9 77 0.00

., .%8. 1 6 3 0 7 3 02 71 S1.9t

0 33 36 123 . b4
57*~ 57.41.00
~0.3 .8.4 4 .00

5J2 -14.9 0 0.00
Z..c -20.4 4 3 2 .17
21 ., * .1.00
YLIL ps7. 2,1 27)9 '7 1 37 23 is 1.22
C." TOT it. :~c '. 735 14,7 ?. A 0 I 3 5 3.5 is

AVG 90 .15s q' , 0*3. s.17 6.74 9 10.6,4 12.10 10.08 0.03 0.00 0.G3 0.00 0.00 9.00

IV 3&5 53S 3L7 3.01 FT AvAI Av ;E*0 c -C. 9.06 S~cs
VA.A: 0 1-. -::;MT - 2.79 PT S1 V .:-tCs ^; .4"L ;,p'377 1 1.92 SLC so*

!.0i'.3&0 vi?2 (P WEOGIT 1 .87 PT STkO1620 OCV1AT1C0. OF PC'.Z0D a 2.01 35CS

3.0 :. .9 303 (0.00'" J 9,o0s

* 2.4 3 a S 5273 ;T)

3. 301 9.: iS~l !11. !1. 203 3 0.7

3 .4 1 11 10 ~2 50 1 9 0 s 2,10
&. .9 1 ?0 50 56 00 3 -?. -s 04

. 9 1 ~ s 3  1 2 1 4 55 03 9 .1 0 .Z 0 0

45 .9. 4 0 ? 9 4 3 1 0161 .45 ?72
.3-10.9 2 '0 a4 15 9 9 1 103 057 0.37

3 .0 2i.9 o 0.00

31~.13.9 800
0.' -1.9 32 50 68 802.10

. t '55.9 f10t 0.00

7 ., -I I.y I I 2 12 19 2.18

:7'.17.9 20.00

I~. *1.92 0.00

33. .20. 21 0.00

C0 aCT
0  

lie 1 be 8 3 21, 9 5 .5
C3 C£. 13: o 27! ISO !Z da 0 s'. 5

A VU . 0.6 9. S.)l 8.50 4.57 '4.30 9.7 . C~ 17 o.!1 0.01 0.00 0.70 0.00 0.00 3.38

3.03.05E SIG. -13-1 0 0.58 '7 tV1-0.t WAVE 900:D0 a 0.91 SEC)
5L.'4?-.E CF 3 S.;. E110 1 2.11 PT so Vs£'ANZE 0,0 -Aif P R1CD 2 7.22 SEC 300

ZT..O'0 ~vT:. C .40" a .~ '7 3..0 0060712 C. I 05 PE410 a 2.09 Ste*

r7* 3TA'E: 0S ::1 IC24..102" O5357£4 R0C;7S 104jN .'7m STE57P RE$. 00.0 CC'.. .350

$CALS.' A;E Q;'T7C.

COPY ava c10 to DT!C does 044 110

pentuly 1-2qib) roproducto*



WAvE C'LIM&TOLOGY FOR NAGS HEAD. NORTH CAROLINA.
OIS:100eUIC. OF S:GN:FICANT kiOKT VS PERIOD (IN OBSS(RVAOS PER 1000 065)

539 DisERVA?0063 SUM-4ARY FOR MAY 69, 71. 72, 73. 76, 77

PERIOD SIG. HIIG1I' (FT)
(3ECS)

CUM. ROO

0-1 j.2 2-3 1.4 1.5 5.6 6-7 7.8 8-9 9.10 10.11 11-12 12-13 1) TOY0.* TU*.0 AVG.0

*2.9 6 00.0
3.0 1 .9 9 13 2 24 9914 2.19

C. 0.9 6 7 it 9 311 970 3.02
5.0 * .9 6 07 11 1 a 61 A 097 0.19
6.0 6.9 7 1t a6 0 1 60 $01 2.56
7.0 1 .9 6 37 33 9 7 2 2 96 807 2.02
&. 8.9 20 197 026 63 17 6 2 0130 751 0.23
9. 0.9 6 Aia 39 33 it 7 IuS 301 2.63

10.0 .00.9 a 19 It 9 19 7 2 2 7? 15bJ 3.32
00.0 -10.9 d3 0.00
10.0 -12.9 It 22 9 6 2 2 43 2.08
13.C *13.9 J2 0.00
:4.0 *14.9 4 17 4 2 26 32 2.00

15.0 15.96 0.00

lb.c -16.9 4 6 021
TUTAL 50 17b 289 141! 59 22 7 a a 24
C'.* 31 .TaT2 1103 942 Soo 27S I0?02 37 is 7 0
COL. AVG. 9.1 6.7 6.22 8 .0Q0 6i 9.412 9,25 1 I.%3 11.00 0.00 0.00 0.00 0.00 0.00 8,SS

AV3~A3 Sr; * El-E0'. 2.43 F7 17tA5E WAV3 PE1!COqz 9.56 SEC a
V '.FA% or 1;. .'IGN V 1.6 I? SD V ANCE A~.VE P"t~ : ;s ,60b SEC SO@

S3?'ARD~ BEVIATION CF HEIGHT 6 1.27 FT ST!%DP43 DEVIATION 20 PEN100 3 2.0- SEC&

44VZ CL!"IOLOOy FCZ NIGS M A). NO.ATN CAO0LINh
0;t;..r~..CF S:5:2C10'\ hL107 VS PW::6(I ClvcSEXAA1\5 ; E 1000 Coso

~. c~C0~or2.SJN400 yo'CZ JUN. 71, 72. 76, 77

709100o S:G. ME11.iT (FT)

6.t t-a 2-1 1.4 4.5 5.b 6.7 7--3 8-9 9,!0 1000 It-!2 :2-13 13 TV.0?' TO?:. %V3,
0.0 - .1 ^ 000 0.00
1.0 1 .1 13.0 0.00
2. 2.9 10013 0.00

3.0 *3.9 6 S !OGO $.S0
6.0 4 .1 3 10 9 32 ~' 10 2.68
s.c* 5.2 10 09 04 55 "o1 2.55
a.: 6.1 11 07 19 0 9 99 03 2.%$

7. 7.9 9 0 2b 6 S 106 039 I a
6... 40 3.5s 72 17 14 3 3 006' 731 10.77

Q.0 *0.9 3 92 29 3 3 3 132 234 1.89
03.0 .1o.q 3 43 I'b 3 3 66 lob 0.99
00.3 -11.9 'JO 0.00
0 .O -02.9 10 1 20 00 Z.36
l3.c -13.9 20 0.00

-i*0. 6 0.00
:b.0 .06.9 6 6 6 0.50

6.1 6.13 214 69 32 4 3 09
TOTA 1001 00 e 9-3 3$6 002 31 11 1
A. VG. 6.0 3).E2 1.16 6.67 8.00 15.17 8.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.01

-v! 2,.5L S:^5 NEIZ4' a 0.93 Ft L',-.GE 4A.. P11100 a8.44 SEC4
.;" -0 -c SOS. '-LG4T - .2 FT so V. 1- 11%4 CP -AVE PE10 0 5 .e4 SEC SOO

S0;..:;. ;Cv:oTIOv m-0&.'7 a .91 Ff 4701.,4 I')t 01010711 07 IO ,0'~ 1.80 $cc&
0

1.TS 3,7*1600 FaS" tc~m.500020 3030701. REC0OD TAKEN. -ITM A STEP RES. AND COST, 11ORE
-Avi 5j~1;.00.700E AT .JI'.EY0TE3 PIER.

COPY C.VJO111,~

uly kg 2 r3 Cproducj 0 u
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0.0~ ~~ q 6.4 o 890

* 9.9 1~~71 71 . 32' 'S

5 4.

3 .9 70 4 7 ~

312. 1t

s is 1 1 35 2 11

2.9j .1t. s c
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h0vE CLIMAOLOGY FOR NAGOS HEAD. %047- Ca&flL:N1
0:3TROUIION 1;F SIGIICANT NLIG"T VS PZ4!0 CIN OBS0"YATIOVs PER 1000 083)

431 ORSERVATIONS SUMMARY FOR NOV 71, 72, 74, 15, 76

PERIOD 313. NEIGH? OPFT)
j$EC3)

6.1 1-2 ?.3 3.8 -< S-6 6.7 7.8 8.9 9.10 10.11 11.12 12.:3 13 *TOT.$ 11.. AVG.-

0.0 - .9 1OC'0 0.00
1.0 - 1.9 6000 0.00
?.a - 2.9 2 2 1000 0.50
3.0 - 1 .9 2 7 62 22S '69 2.10
4.- - 4.4 5 69 5 9 37 974 1.00
5.3 - 5.1 2 I9 23 S3 19 1 125 937 3.34
b.3 - 6.9 5 2t .4? ZI 32 9 2 2 17 6:1 U.26
7.3 - 7.1 ? 9 7 12 69 30 5 5 ad oil '6.39
C.0 . 8.q st5 3S 26 a 9 S 137 s65 2.0S
9. . 9.9 39 3S 19 7 7 S 8I 161 '. 0I9

10.0 -10.1 S a6 1 6 44 5 9 7 5 2 123 i3s 3.06
1t.0 -61.9 20'? 0.00
12.0 -12.9 7 37 3S 14 7 t2 9 2 123 20 2.9)
13.0 -13.4 66 0.00
1'..3 -14'.9 '4 19 2 5 2 62 12 6S5 b6 3.16

',c -15.6 26 0.00
-'.0 -. 6. 5 2 2 5 14 4 1 3.110
1.. -If.$ 7 0.20
10.0 -66.3 1 0.00
!.0 -19.9 7 0.00

*-20.7 2 5 7 7 2.50
.. 0 90.*00

TJTA6I b~ 76b 23? 211 10( 11 4 Ia 16 2 1.27
C J" TOTAL 100 9 1 ?i3 5ob 2-9, 193 72 1') 2
: ;'. , AVG. 12.LSO 9.51 6.61 9.23 7.*S30.83 1, 1 .07 b.52 0.3O0 .1^ 0.00 0.00 0.00 4 .92

* i.~031r.. 5;~ 3.21 FT 8Vo0.I i. .95 SEC$

S14Z'65& 0cvolATO OF-02 - 6.68 F1 "1?.)A,.D 3-ZViTI N 39 0
9
0O 3.39q SEC-

S:G.Cu~ Mr'60. FT

*0-1 6-2 2-3 3.1; 4.5 5.6 6-7 7.56 69 9.1o 10.11 11,12 12-1) 13 !0T3.' 1w Ts AV".*
6:0* 00c

1.0 -1.9 11' ; c 30
2. .2.9 1:o 030

S') 2 0is 2 33 2 1 8 a0 lot 1 1.50
.0*6.9 2 165 24 3i Z7 9 6 2 2 114 e52 5.69
.3*7.0 3 18b 17 25 24 11 S 2 10 7.Is3 3.S8

8 .9 19 46 89m 29 e7 21 a 2 3 Z09 O35 5.01
9. q.6 I5 I 8 S 1 6 2 636 Q 7 2.51

.S 0.3 .') 3 23 36 26 3 6 3 103 3261 2.7 0
t0.0 *16.9 -Ili 0.00

620.29 6 So 21 i' 6 3 3 662a 260 2.39
.3.o -63.9 106 0.10

06. -6.9 S 32 It 6 a S 2 65 606 2.S5
ls. -Is.* 38 0.00

.63-!0.9 2 is 4 5 2 6 36 1A 3.0a
170 17.9 2 0.00

13.3 .19.9 20.00
, ;0 .- 6.9 2 0.00
P-l.0 -09 . 2 t 1.5

JT 'L0.00
Is 21 35? 696 626 66 -'2 10 3 11.01

C.', 171 L 13') 9'. 69 Om 046 25 I6 I 3P2 2 6 1
C14. . 9.73-10.-1 1 '6.5 6.39 7,6 .'J 0.'? 9.40 8.44 7.53 a'.5 0.00 0.00 71. c0 .00 9.14

AVErG S
1

:-5. Lll..T a 2.,q9 Fy AVkE6639 PAVE P3.0 1%3 2 9.67 bFECo
-;v,~. SIG3. sq93? a "..;o vf S;, v -,~~ 1 CF. ('Ij -. 410D - 9.92 SE0 39

S573s3Q DkITI O% OF mLI6'T a 0.55 FT 5?4'.C&RD OF653 09 N(; a010 2.99 300'

R.LTS ObAINEO F%3- 102 -3003'i D736?AL RECORDS TAKE6N 011,4 A STEP RE. 5(%Q COST. 61661
PAVE G&;k .ChTED AT NET'15 "109.

0 C1034 ARE 0'4LTED.

Cop! JC11A-~~ "7S~ d0eS jn jgb114



APPENDIX E

LISTS OF FLORA AND FAUNA AT THE FRI'

115



Table E-1. FbI.J' I I Cristit'S list L i', lt .

G)npo ian 1'-ll ILm o CImo -11

Partly Acer.a ti Family (actacea'
A," Min.) L.,. Red isiple Optastiaz '.",riea 1%alisbury) Macbride Pri..lley pear

0). rnum,'.iii G~raham Fragile prickley pear

r t,*,-I~2a L. Carper weeai Family Citmpinulatseae
Ii'bci'Zi e" ' ta Sma Il Marshloheli,

Pant 1,.Al smitaceae 'e,-utaria perfciata (L.) A. D.C. Venss looking glass
* ~ t~i< ,stn isi2 var. weatlerbiana

.fc'ritalil Bttgin Arrowhead Family Caprifol ,aceae
L,,>ticemv japoni.'t Theunberg Japanes e honeysuckle

Fan, l, Aoa-trslhaceate L. oeMervtrena L. iCoral ho.neysuckle t
;p. ,,oeeoide

(Matrti 5, Grisehach Alligator weed
Pami ly the-0<itlici I

Pantl v -iirdi;,.n cae . 'h.,'-j*' Mew co e

Sh*, 7 .4 L. winged Su'Mac
Hrpoison ivy Pait i i -efo..

:.z ;t-,.t (L.) Urban I R.n Br e gIbn we

- .: z:c L. Fryngo . 1 R rwldebnue

'u'c.cnen C. SR. .Marsh pennywort , i t

It .epnecuume
.'.en(Michaux) Ref. 11 epigccme

o-,Wlter Water parsnip
Family A~ulPam- r~.). z fot ii, e

I~rreySedge

' 7Z.1tt i o American holly Is Tore -ed
I t:on Alton r '. r4,,, t IMuhbl.

Fam,~ ~~~ 11 sIqldca

Walter Mtlae iMi r,t Torrey

Paintl le aceaec it Mattfmld and

[att iv 1tera , Pi ,ot tloellI
A'S'~ ~~ ~~ . n2K't' L trw: a (Macha. R. &S. - SPtkt1 rush

Amlr' i ,etpgujt-d 1. %ahli (F S. SittI rutsh

".2 er L. Aster S
'iiPta~n~~iolia F iotidse r I ichunUmbrel1la grass

B'do'st if~:"ii (Nichaux) Sherff Beggar tiik r'. -- a~P.I~t lersoon Carmkrsrs

C'arduuaa epiwtaiiaiwt Walter yellow thistle

Cirepi ye esic'ar-ia ssp t saxfcZia I iI aa

(Thuillier) Thelluig lak's hetard 0: ",P tt't'ti~ L. ;Persimmuon

Ecliptz atba (L..) Hasskar Yerba-de-ta2'
rp -- : "' p , iavr. catadinsis L. it rI -I~ A ~ Pant. u. r harbaca

i "", var. septefltrionlis
1,1 var ;utiZlluf (Nuttall) It, t I I Arg. Croton

Atilttflwe

ivar r .,t, ti .. ~ in Croton
L- Fr Salt 1 it ;ifolia L. Reach spurge

r hl ca 1io rottgbao
;t z ,i I -h, la Poug. Ple le anil, Faba,eae
l;i j;hj L. Ratibt toto( At' r'i'i'r'tte Medicus atig e

ir . s' b
1  

rAaei.'z'lst. Mic.haa Betaruterfly pea
Hrll h,- Troli-pe (Fernald) D''ri-a":~sowiI .Ceth. Btterflyiea

Ali Ic *Hum~ti rant 'uZ~itutn (I. [I.Begga' lice

i.gv:; (Mitchaux) Sh inoters n. ptciflori (Nuttall) D.C. ;Beggar liceI
"ii Ma.~ hFt ~ eld,,r D. otrittitW (Pursh) D.C.Begrlc

2 1' P '2 WiterSva',,r telder '2eepedoa 8i2ditaa FMichaua iBush clover

lao[u.'t'tnbiwtL Will lettuce Familyt Fabaceae (concl'd.)
Mibkt';it a-i'1ns (L.) Willd. Climbing hempweed(Dmn)GDo

FlL.azf t'I (L.) ll.C. Marsh fleabane L. stritita (Thunherg) H. &A. IJapaniese clover
P. pti is tt'i'u (Swartz) P.C. Salt marsh fleabane .- virii'uica (L.)I Britton
F~e~tit!!o i .'.e.,i,nts var. i.,trophotlow Wieoa (L.) Ell. lWild bean

t-P (Walter) P.C. false dandelion
pui.,~ r?4 . ria1 V 'sf Mill Ier Gotldenrod Family Pagaceae

e.' 7t'ri rise L. Goldenrod 4hcet'ue uipginiana Miller Live ak

I iu'j"'itPrsh Gioldenrod

Xantlitm stnruiumit" var. Family Cent ianaceae
oioiie .Cocklebur siabatii drdet'tvdro var. dodecamd~im Se ink

etruesirtar' L.(L.) B.S.P.Se
Fami ly Bignonia ceae

a'epi' u~sno (L.) SeemanTuptvn Family lanamelidaceaeI
1itqui.,i.w'd'.a sfityraPflua L. 'Sweet gum

Family Brassicaceae
Czikij' ' ,'itt (Bigelow) Hooker Seai rocket Family FypericaceaeStJonswr
1p,14iilitn virginiwne L. Peppergras% Hlerifo.ti jentitanoides (L.) .S.P. StJhnsvt
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abIc F-I . I110 flIori-st icii List (Levy , 1970) .-- ConL inkied

F.i m l y and ~ c i es Commo~l namQe Fami ly and speciesCo on ar j

Faci I lu, a, sueFamily Poaceae (concld.)
*i~o ii .cui Machenoj e Rush Pinicum' unrulwr Hitchcock and Chase Bitter paicu

N.'- .sFFA. Curtis Fuh . aoswiu Eli. Panic grass

i''-,-iln' Scheele Black rush P. 1 loroeift a, m ichaun all ronirc

Faci Iv Juric.gincic Pe F. va.;znarur Swartz
a: t,, R. FP. Arrow grass . tjatw- L Switch grass

'is neipeiienSiO (L.) Desf. kabbit foot grass
Family Liciaceae Sa-cit ris stniata (L.) Nash

roal. Horsemirt t~itra q'i~~- FLm)Bavi ox tail grass

i l .i~ L. Sage .c roim lwilcy enpe (L.) Persoon Johnson grass

St ,,s 'u.ttsitii Shuttlew iledi ce, Sp- i s ',nosuroid~e (L.) Roth Giant cord grass
S.t 5-r (Aiton) MuhJ. Salt meadow grass

Family Lauraceac Speop lipi obtueatzi (lichaua) Scribner wedge grass
Peresi .'orboiia (L.) Spreng. Re-d 1,, iie)ir'rea (Walter) Chapman Sand grass

15 c~-penes,1vanuictu (L.) Beauvois

Family Liliaceae en . 5 & .
6)nitaa, bona-nox L. one 'ioLa t'irnjiuata L. Sea oats

Yuco.1 fitcvrentes ..a 1,. AJ'ea i: L. Corn

Family Lioaceae Family Po lygooaceae
Linum virginiriwm var. mediasn Planchon Plan Folzj,'onis Ptidropiperoides var. opelouasiet

(Riddell en Small) Stone

Family Loganiaceam P. pc'-sylrcanicn L. Knot weed
,Polypretm prvownbene L. 11, saVittatum, L.. Tear thumh

Ri~cx ac,'tocsZ.a L. Sheep sorrel

Family lycopodtaceae S. vrrt'cillatie L. Swamp dock

L av',:I ' aresawit (Chapman) Lloyd and

Underwood CIlb co'S Family Footederiaceae

Family iLytuiraceaePot 
dracrtL.ikeled

Lurthi'ii' , 'i'r L. Lsosestrifc Family Primulaceae

Farly -ta.u~aeSuvsotae parvifiorsa Raf, hater pimpernel

.qf ' 0 17 -s o ttoo L. Rose cal1ow Family Banunculaceae
yvo,?o 'a ,ciia (L.) t'-rsl. Sea shore callow Ransu'volua sardoaa Crantz Buttercup

Family Fyricaceae Family hosaceae
I irfi - rir var. cerjfstra L. Wan myrtle berryiie zbum vr Lei

SF rii.LIte L,,el ;abry(Wiegard) hlues Juneber
iwobrryPrunue sorotiria var. eerotinsa Ehrhart Black cherry

Family i-gractO Rubus betulifoliua Small Blackberry

O.,,i, i i"'isL. lusting primrose

.. ,is.,.s Fvein pridr ose Family Ruhiaceae
ii.hwsfo' Stttal irmng rinros Polia teeca Walter IButtonlared

Fami ly Orchidaceac 'CiirdL

I'rnu7 CL.) Richard N,diiing ladle,' tressesFaiyRtce

Family i'in.iceae -~sixii~,tav'a-horcualie L. lHercules' club

1I Iw Lnbiolly pine Family Salicaceac

Fami~ly Phytolacacite .15:ffln Marshall Black willow

lli:t V i rs'P ri L.Pokeweed Family Scrophalariaceac

Faiyllnagini. se Ait~n'-Iio e surea (L.) Fennel Ilerardia

Fam~!vilnt io ii t. piataI ;j'zria (>~dhnj L.) tDamont Toad flax'a-,ee)L.I latan VrLO:e uiipaii L. F-hill elm

Faily Poacrae aiySoaaec
Anirp~ sULttiChapman Broom straw aiySlmcw

d. 'ietsiU5I..Bro wege(M.A. Curtis) Waterfall Ground cherry
Amrshilatiuiplaa American beachgrass Ieitr afra,.ncii L. Jimsom weed
liroeis ace'alinue L. - rome grass
Cont-krus tribwui,idee L. Sandspurs s ai Itcca
Cyriodon Ilctsris (L.) Fersoom Bermuda gras Faiy Falrt inca L)Sat ettle
Digitaria fitif~rirmie var. villoaa it'it,-s-ia cglinwirica FalsSwrt

C (Walter) Fernald Crab grass iFamily Verbemaceae
D. imswmmosw (Schreber) Schreber em 1hh. Crab grass caiap ,ruraL rnhmlberry
Di. ounjui15aia CL.) Scopoli Crab grass3Cliap eiaaL rnhm

EiFinocittoa wuzltez-i (Pursh) Heller Water's barnyard grass Lippia nodiflor (L.) Michaux Frogbit

Eleusine indica CL.) Gaertner Goose grass
Elyese oitginicae L. W1il d rye grass Family Vitaceae

&Wrotieellotti Wtso Loe gassParhorocisew qui'squefotio (L.) Planchoc Virginia creeper

F.gotaatoti asnLv rs Vitieaotfvalia var. aeativ'lis Michaux Suer grape
P. p.'.bitie CPursh) Steudel l1-e grass V. rotundifolia Michaux *.zscadine

FI~~ltl~ Jl~lii' ( Walter) Mal. Reard grans
opeta--i Accurei Nuittall f .scue Family lyridacece

L.? L o.mitaeu CSchultem) Chase hiitch grass Xyris Juicioi Richard Yellow-eyed grassi
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